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Status and Outlook for Nuclear Fuel Cycle Safety 
Engineering Research Facility (NUCEF) 


Nuclear Fuel Cycle Backend and NUCEF 
Program 
94FE0636A Tokyo GENSHIRYOKU KOGYO 
in Japanese May 94 pp 9-12 


[Article by T. Tsujino, Managing Director, NUCEF 
Program] 


[FBIS Translated Text] The Nuclear Fuel Cycle Safety 
Engineering Research Facility (NUCEF) is a large-scale 
general research facility that does research on the nuclear 
fuel cycle backend. The facility, which has three above 
ground floors and one below ground floor totaling some 
21,300 m? in floor space, is made up of three buildings— 
the Laboratory A Building, which does research on criti- 
cality safety, the Laboratory B Building, which does 
research on reprocessing processes, group separation, and 
TRU waste, and a management building. The Lab A 
Building has two critical facilities and a nuclear fuel 
manufacturing facility that supplies liquid fuel to the 
critical facilities. The Lab B Building has alpha-gamma 
cells, various lab equipment, and a large number of 
gloveboxes. 


Introduction—Fuel Cycle Backend and NUCEF 
Program 


In order for Japan to continue moving forward along the 
path of nuclear fuel recycling, which is an essential part of 
its nuclear energy policy, it must not only ensure safety of 
the nuclear fuel cycle backend, which includes repro- 
cessing and waste management, but it must also develop 
advanced technologies oriented toward the next century. 


To accomplish this, the Japan Atomic Energy Research 
Institute (JAERI) has constructed a facility called the 
Nuclear Fuel Cycle Safety Engineering Research Facility 
(NUCEF) where it plans to do research on safety and other 
fundamental issues and to develop a solid technology base 
with a trained staff. 


Now that construction is finished, and interior facilities 
installed and performance tests on individual equipment 
complete, the work has shifted to comprehensive func- 
tional tests with the hope of starting hot tests in 1994. 


In this paper, we would like to mark completion of the 
NUCEF facility by discussing the research program of the 
facility, and by giving an overview of the construction and 
facilities installed, and finally by looking ahead at future 
plans for the facility. 


1. R&D on Nuclear Fuel Cycle Backend 

Nuclear energy has already established itself in Japan as 
one of the key energy resources of the country. There was 
a lot of debate last year both inside and outside Japan over 
the recycling of nuclear fuel, plutonium in particular, but 
recycling nuclear fuel is absolutely necessary for resource 
poor countries such as Japan to protect the global environ- 
ment. That is why a commercial reprocessing plant (first 
privately operated reprocessing plant) is to be built in the 
town of Rokkasho, Aomori Pref., and why the PNC (Power 
Reactor and Nuclear Fuel Development Corp.) has been 
developing technologies and JAERI has been doing 
research in this area. 


The Japan Atomic Energy Commission is currently doing 
revisionary work on its nuclear energy development long- 
term plan.) The four points below from that plan are 
thought to be essential to the R&D done on the nuclear 
fuel cycle backend. 


(1) Put together a nuclear fuel cycle system that empha- 
sizes, and is compatible with, natural resources and the 
environment. 


(2) Seek to ensure safety of facilities and aim for proper 
management of radioactive waste. 


(3) Seek to bolster technical strength of JAERI by consol- 
idating technology bases and training staff personnel. 


(4) Take part in international projects on equal footing 
with other countries; contribute at the international 
level, increase project transparency, and try to gzin a 
better international perspective. 

JAERI plans to use the NUCEF facility as a place to 
perform safety research and other fundamental research 
based on the points listed above, particularly as it applies 
to the second item.” 
2. Main Problems Faced in Nuclear Fuel Cycle 
Backend 
Present technologies enable spent fuel to be reprocessed 
safely and radioactive waste to be managed safely in the 
nuclear fuel cycle backend. Current technologies notwith- 
standing, it is important that efforts be made to make plant 
operations even safer and easier to understand for the 
average person. 

It is also necessary to try to look ahead to the next century 

in perfecting technologies of our own, and from there 

looking at how we can improve safety even more and raise 
the level of technology. 


In Table 1, we list the main R&D problems that need to be 
solved to ensure greater safety at the nuclear fuel cycle 
backend and develop more advanced technologies. In 
addition to that, we list the research programs at NUCEF 
that those problems have spawned. 
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Table 1. Main R&D Problems at Fuel Cycle Backend and NUCEF Research Programs 
Problem Area Objective Problem NUCEF Research Program 
Safety Verify engineering safety (1) Verify environmental safety (1) Assure margins of safety 
(2) Prevent nuclear proliferation (2) Verify safety technology 


(3) Formulate TRU waste disposal 
scenario 





Inspect and verify return waste 


(1) Verify safeguard technology 
(2) Criticality safety research 


(1) Tests to verify criticality safet” 
(special allocation) 

(2) Tests to verify containment 
safety (special allocation) 





Tests to verify TRU waste barrier 
performance 


Develop ways of measuring and 
inspecting quality of TRU waste 
(special allocation) 


Develop tank measuring method 
and non-destructive U/Pu measuring 
method 





Technical sophistication 


Improve cost efficiency 


(1) Improve safety 
(2) Facility compactness 
(3) Rational waste management 


(1) Spawn new technologies 

(2) Rational safety assessment 
methods 

(3) Advanced treatment and 
disposal of TRU waste 





Systematize safety operation 
technology 


(1) Criticality safety research 
(2) Research on advanced 
reprocessing (process 


simplification, waste reduction, 


(1) Same as above 

(2) Research on advanced repro- 
cessing processes integrating 
group separation Omega Project 




















etc.) (3) Research on new ceramification 
(3) Come up with new process method 
theories (1) Development of inspection and 
maintenance technology 
(2) Development of safety 
simulation technology 
Technology base Consolidate technology base (1) TRU chemistry (1) Related fundamental chemistry 
(2) Organize data base research (basic data on 
(3) Materials technology solutions: special allocation) 
(4) Advanced assay technology (2) Development of simulation 
technology 
(3) R&D on advanced reprocessing 
plant materials technology 
(special allocation) 
(4) Development of safeguard 
technology 
3. Aim of NUCEF Program plants, safer plant operations, and better public under- 


The aim of the NUCEF program is to promote the safe 
operation of the first private reprocessing plant in Japan 
and to earn the trust of local people by doing safety 
research and performing tests to demonstrate safety (spe- 
cial projects) based on annual research projects on nuclear 
facility safety’ sponsored by government and the Japan 
Atomic Energy Commission. 


Moreover, in conjunction with the long-term nuclear 
energy development plan of the Japan Atomic Energy 
Commission,’° the NUCEF facility will be used to do 
basic research on advanced reprocessing and waste man- 
agement for the next century, and to evaluate systems for 
collecting basic data, and to invent new processes and 
identify future technologies. 


(1) Safety 


A newly-completed safety review of the first private repro- 
cessing plant has proven that plant safety can be guaran- 
teed. The NUCEF program will be used to experimentally 
collect basic data on criticality and containment safety and 
to perform safety demonstration tests as requested by the 
government in order to support the authorization of future 


standing. The program will also provide the basic data for 
assessing the safety of TRU waste treatment methods and 
developing a viable way to measure TRU amounts with 
the aim of coming up with a viable TRU waste disposal 
scenario and the technical standards thereof for dis- 
posing of TRU waste scheduled to take place in Japan in 
the latter part of the 1990s. The latter of these, developing 
a viable way to measure TRU amounts, can also be used to 
verify return waste. 


In addition to the aforementioned goals, the program will 
also contribute to the development of a safeguard tech- 
nology needed for the first private reprocessing plant. 


(2) Technical Sophistication 


A second private reprocessing plant is scheduled to be built 
in the next century with Japanese technologies exclusively, 
and for that we must have a solid technology base, trained 
staff personnel, and a level of technology that is consistent 
with the four points stated in Section 1. 


As far as cost effectiveness, the purex method being used 
today to reprocess waste has demonstrated an excellent 
track record in terms of process safety, but at the same 
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time it has tended to make facilities larger. If we were able 
to put together some basic data on criticality and contain- 
ment safety, however, that would make the excessive 
safety margins used today more realistic and, at the same 
time, simplify the processes and reduce the amount of 
waste generated, it would be possible to make the cells 
more compact and thereby make the operation more cost 
effective. 


In the area of safety as well, though many different 
safeguard measures are in place today and there is no 
question about the safety of reprocessing plants, we still 
need to acquire more data on safety in order to rationalize 
the safety assessment methods. Another area of important 
basic research has to do with TRU waste and finding ways 
to reduce the volume of waste, reduce the risk (improving 
the TRU recovery rate), and at the same time reduce the 
amount of TRU over the long haul as called for in the 
Omega Project.'”? What we expect to see at that t ine is a 
rational process developed that combines group separation 
and reprocessing. 


If advanced separation of TRU elements were achieved, 
the amounts would be so small that it would favor the new 
process of ceramic vitrification instead of glass vitrifica- 
tion. If we could record the experiences gained in operating 
and maintaining the NUCEF facility on a database and 
were able to develop a simulation technology, it would 
enable us to have a partially systematized safety operation 
technology. 





(3) Consolidating a Technology Base 


The added safety assurances and development of advanced 
technologies discussed above will be supported by basic 
technologies and advanced research. More specifically, 
that means we plan to develop element technologies and 
do advanced research on TRU chemistry, simulation, 
materials, and assay technologies. 


4. Prospect of NUCEF Program 
(1) Future of Program 


As the timeline in Figure | shows, the NUCEF program 
formally got underway in 1988 after many years in 
research and design. The construction of the facility, which 
got started after that, was completed in 1992, and most of 
the interior facilities were installed at that time. Perfor- 
mance tests on individual equipment and comprehensive 
functional tests started in 1993, and hot tests are scheduled 
to begin in 1994 after a safety shakedown run and safety 
inspection. 


(2) Inside and Outside Cooperation 


NUCEF is one of the few large-scale research facilities in 
the world that does research on the nuclear fuel cycle 
backend, and even though it will focus mostly on NUCEF- 
related experiments for the time being, it will eventually be 
turned into a new research base that will be involved in 
such activities as safety demonstration tests for the gov- 
ernment, and joint and cooperative research with overseas 
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Figure 1. NUCEF Program Timeline 
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Figure 2. NUCEF as New Research Base 





and domestic organizations in order to make the facility 
operate more effectively and attract researchers and engi- 


neers. Through those activities, NUCEF is expected to - 


make a real difference in assuring the safety of the nuclear 
fuel cycle backend and in raising the level of technology 
into the next century (cf. Figure 2). 


There is a lot of discussion about the nuclear fuel cycle in 
Japan, but one thing has been made clear and that is that 
Japan has to recycle nuclear fuel. We believe, therefore, 
that R&D is important not only in assuring the safety of 
the facility, but also for managing waste properly in the 
next century. With the completion of the facility in the 
NUCEF project, preparations are underway to begin hot 
tests in 1994. We hope at that time to actively promote 
both domestic and international cooperation and to pro- 
duce results that meet the expectations of people inside 
and outside Japan. 
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Research Program at NUCEF 


94FE0636B Tokyo GENSHIRYOKU KOGYO 
in Japanese May 94 pp 13-26 


[Article by Y. Naito, Criticality Safety Group Leader: M. 
Maeda, Backend Process Group Leader, M. Seno, TRU 
Waste Group Leader; M. Hoshi, TRU Chemistry Group 
Leader, N. Izawa, Process Technology Group Leader] 


[FBIS Translated Text] The Nuclear Fuel Cycle Safety 
Engineering Research Facility (NUCEF) was built for the 
purpose of doing R&D on criticality safety, advanced 
reprocessing, TRU waste management, TRU chemistry 
and NUCEF-related element technologies with the aim of 
improving safety, developing advanced technologies, and 
putting in place a solid technology base for the nuclear fuel 
cych backend. A study of these research items was con- 
ducted within JAERI and by a NUCEF program research 
committee headed by Yoichi Takashima, a JAERI tech- 
nical adviser. The results of that study are discussed below. 


1. Research on Criticality Safety 


As nuclear power plants become more commonplace and 
more fuel is burned, the size of reprocessing plants increase 
in scale. These facilities are being built with rational 
criticality safety designs that have little leeway in the 
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Figure 1. Criticality Safety Research at NUCEF 





margins of safety. That means that criticality safety has 
come to demand much better management. That in turn 
has led to a demand for more clarity with regard to safety 
margins, and research to develop high-precision computer 
codes. A criticality safety handbook has been published in 
Japan based on the results of that research. 


All of the critical experiment data used at NUCEF, how- 
ever, is from Europe and the United States, and details 
concerning the experiment conditions are unclear. More- 
over, it includes relatively little experiment data in which 
low-enriched uranium or plutonium solutions are used, 
which is what is needed to evaluate safety in today’s nuclear 
fuel cycle facilities. For that reason, we found ourselves 
needing to obtain systemized experiment data on fuel in 
order to improve the reliability of the calculations. There is 
also a growing need to monitor how far an actual facility is 
from criticality from the perspective of making further 
improvements in safety. In the meantime, it is essential 
that we perfect a technology for accurately estimating the 
scope of an emergency criticality accident in order that we 
might reduce the exposure risk to the public and to 
employees of the plant. That is why it is extremely impor- 
tant that we develop a computer code“ for analyzing 
transient critical characteristics, but one in which the 
accuracy can be verified with experiment data based on 
low-enriched uranium solution being used. In addition to 
the work described above to improve safety, there is also a 


desire to show that the risk of a criticality accident at an 
actual facility is small in the sense of all the extra assurances 


In order to respond to the needs described above for more 
sophistication with regard to criticality safety management 
at nuclear fuel facilities, and to show that private repro- 
cessing plants being built in Japan are safe in terms of 
criticality safety, we are planning to conduct the following 
research at NUCEF using the STACY (static critical 
facility) and TRACY (transient critical facility) reactor 
facilities (cf. Figure 1). 


(1) Experimental Research on Critical Characteristics of 
Nuclear Fuel (experiment with STACY facility) 


The aim of this research is to elucidate criticality charac- 
teristics under a variety of parameters and to improve the 
methods of controlling and monitoring criticality safety. 
To achieve that aim, we will perform a “static critical 
experiment on uranium fuel” and a “static critical exper- 
iment on plutonium fuel.” 


In the “static critical experiment on uranium fuel,” we 
obtain systematic critical data by making fuel and nitric 
acid concentration the main parameters concerning 6 
percent and 10 percent enriched uranyl nitrate-water solu- 
tions in order to simulate the characteristics of a low 
enriched uranium fuel solution. Here, we measure the 
characteristic: of critical parameters in single units and 
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multiple units and take measurements on the reactivity 
effect that accompanies changes in water reflectors, burn- 
able poisons, and temperature. 


In the “static experiment on plutonium,” we obtain sys- 
tematic critical data by making fuel and nitric acid con- 
centration the main parameters concerning a plutonium 
nitrate-water solution and mixed U-Pu nitrate solution. 
The mixed U-Pu nitrate solution gives us experiment data 
on fuels in the 10 percent to 30 percent enrichment range 
(Pu/(U+Pu)). Here, also, we measure the reactivity effect 
that accompanies changes in reflector conditions, burnable 
poison content, and fuel temperature. 


To develop a way of verifying non-criticality, using uranyl 
nitrate and plutonium nitrate solutions, we measure non- 
criticality by an assortment of methods including the 
neutron source multiplication method, the noise method, 
and pulse neutron method, and then evaluate the accuracy 
and reliability. 


In Figure 2, we show the aforementioned experiment 
systems. 


(2) Experimental Research on Transient Critical Events 
(experiments with TRACY facility) 
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The aim of this research is to elucidate the transient 
characteristics during a criticality accident and to develop 
a way of reducing the exposure to both the public and plant 
employees. To achieve that aim, we will conduct a “tran- 
sient critical experiment using liquid fuel” and do 
“research on source term behavior during a criticality 
accident” and “research to evaluate exposure dosages 
during a criticality accident.” The experiments will be 
conducted with the TRACY facility using a 10 percent 
enriched uranyl nitrate solution. 


In the “transient critical experiment using liquid fuel,” we 
will measure and assess such things as output, energy, 
temperature and void rate during a transient critical event, 
and elucidate the nuclear, thermal, and fluid behavior of a 
criticality accident. In the research on “source term 
behavior during a criticality accident,” we will measure such 
things as impact pressure, level vibration, and the amount of 
radiolytic gas produced during a transient critical event, and 
elucidate the mechanism by which radioactive materials 
find their way to the environment during a transient critical 
event. And finally, in the “research to evaluate exposure 
dosages during a criticality accident,” we wiil obtain basic 
data on such things as radiation intensity and dose equiva- 
lents under various types of shielding in order to evaluate 
the exposure dosages during a criticality accident. We will 
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Figure 2. Critical Experiment Systems at NUCEF 
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use that information to help develop a criticality alarm 
system, and will use some of that data to determine the 
health effects on humans. 


(3) Research on Criticality Safety Assessment Method 


The aim of this research will be to perfect a rational 
criticality safety assessment method and to develop a com- 
prehensive criticality safety assessment system. To achieve 
that aim, we will develop “criticality safety assessment 
models” and “criticality safety computer codes and data.” 


In developing the “criticality safety assessment models,” we 
will research ways to evaluate safety margins, and of deter- 
mining criticality accident scenarios using probability the- 
ories. In developing the “criticality safety computer codes 
and data,” we will try to improve the accuracy and reli- 
ability of the computer codes that calculate safety margins 
by analyzing the data obtained in experiments at NUCEF. 


(4) Tests To Demonstrate Reprocessing Facility Safety 


The aim of this research is to demonstrate margins of 
criticality safety in an actual facility, and to demonstrate 
containment capability of a facility during an accident. It 
is also to take the information obtained therein and use it 
to make a criticality safety handbook. To achieve those 
aims, we will conduct “tests to verify margins of criticality 
safety.” “tests to verify containment of radioactive mate- 
rial during a virtual criticality accident.” and do “an 
analysis to verify criticality safety.” 


In the “tests to verify margins of criticality safety,” using 
simulators to critically test and analyze various equip- 
ment, we will prove that there are ample criticality safety 


a 








margins with regard to the dissolvers, extractors, and taiiks 
used in private reprocessing plants that require special 
precautions in terms of criticality safety management. In 
the “tests to verify containment of radioactive material 
during a virtual criticality accident” also, we will prove 
that a sufficient containment capability can be maintained 
regarding the radioactive material generated during an 
emergency criticality accident. In the “analysis to verify 
criticality safety,” moreover, we will use simulators, and 
where experiments cannot be done, use computer codes 
wherein accuracy has been verified in individual experi- 
ment, to prove safety by analytical calculations. In order to 
make this possible, we plan to develop highly accurate 
computer codes and do a systematic error determination 
with experiment data. 


2. Research on Advanced Reprocessing Processes 


In research on advanced reprocessing processes, we plan to 
conduct research on the following items as they pertain to 
the nuclear fuel cycle backend, specifically reprocessing, 
and though interrelated discuss each separately below in 
terms of the research aim. 


(1) Improving safety 
(2) Consolidating a technology base 
(3) Advanced processes 


In Figure 3, we have diagrammed those research items, 
their aims, expected results, and the relationships between 
the items. 
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Figure 3. Research on Advanced Reprocessing Processes at NUCEF 
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With regard io improving safety and consolidating a basic 
technology base. the plan is to acquire various funda- 
mental data pertaining to safety and to develop analysis 
methods and assessment databases with the basic aim of 
facilitating the construction and operation of the first 
private reprocessing plant. Regarding development of 
advanced reprocessing processes. the plan is to move 
ahead with basic research to uncover new processes and 
the seeds of new technologies. 


More specifically. in research related to item (1), 
improving safety. what we want to do is to accumulate 
basic data on process criticality safety regarding safety 
during an accident. And regarding safety during normal 
operations, what we want to do is acquire basic data 
regarding the containability of essential nuclides in repro- 
cessing processes to prove that there are adequate safety 
margins. And further regarding carbon-14, sodium, iodine 
and other nuclides for the future. what we want to do is 
acquire basic data to reduce the amount of nuclides 
released into the environment from the perspective of 
ALARA. In addition. we also want to study new separation 
methods for reducing the amount of TRU waste generated 
in order to help reduce the waste management load and 
improve er.vironmental safety. 


In research related to item (2). consolidating a technology 
base. the plan is to gather data on dissolving characteristics 
of new fuels. on plutonium solution chemistry, and basic 
data on extractive separation of TRU elements in order to 
improve the burnup of fuel and increase the use of pluto- 
nium such as in MOX. and consolidate a technology base 
for wet reprocessing processes and expand applicability to 
new fuels through process improvements. In addition, that 
research will seek to develop a process simulation code and 
a process assessment database in order to perfect effective 
ways to evaluate process improvements and study future 
fuel cycle systems. Looking at long-ierm research, mean- 
while, we will try to develop a technology for assessing the 
life of corrosion-resistant materials in order to better esti- 
mate corrosion safety and the life of the main acid-resistant 
equipment used in existing reprocessing processes. 


In the research connected with item (3), process sophistica- 
tion, the plan will be to find ways to significantly lessen waste 
management in the future by doing research in support of the 
Omega Project on reprocessing processes with an eye toward 
improved group separation processes and group separation, 
and by assessing process feasibility based on experiment data 
and advanced reprocessing processes that rationally link 
group separation with reprocessing. 


In order to achieve the above objectives, research has been 
divided into three parts. 


(a) Research on Process Criticality Safety 


This research will be conducted mainly from the perspective 
of criticality safety. The two research items are “research 
concerned with elucidating abnorma! process events” which 
includes transient experiments on process events, plutonium 
solution experiments. and development of a simulation code 
for the purex extraction process. and also “research con- 
cerned with developing a process criticality control system” 
which includes devel’ pment of an actinoid solution monitor. 
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(b) Research on Reprocessing Processes 


The plan here is to continue working with a number of 
different research groups in various fields using the minia- 
ture process chemistry cell installed in Lab P Building in 
order to consolidate a backend basic technology base, 
increase safety in advanced reprocessing processes, and 
conduct various research aimed at making advanced repro- 
cessing processes more sophisticated. More specifically. this 
will include “kinetics research on continuous dissolving,” 
“research on treatment of iodine-129 and carbon-14 when 
dissolving spent fuel,” “research on integrated group sepa- 
ration process in the ing stage,” “tests to demon- 
strate the safety of the radioactive nuclide containment 
process (special committee),” “development of a process 
analysis code (part by special committee)” and “research on 
advanced materials technology for reprocessing plants.” 


(c) Research on Group Separation 


This research has to do with improved group separation 
process in which R&D has been done hitherto as part of 
developing a technology for separating TRU elements 
(Np-237, Am-241, Pu-239, etc.), fission products (Sr-90, 
Cs-137, Tc-99), and platinum group elements from high- 
level waste, and will include “testing actual waste from 
improved group separation process” in which actual waste 
material is used to verify the effectiveness of that process 
and isolate problem areas. It will also include an “experi- 
ment to ascertain the properties of actual high-level 
waste.” Based on those findings, further research will be 
done including an “optimization experiment on the group 
separation process.” With regard to long-term research, 
meanwhile, we are also planning an “experiment to create 
a new group separation process” by incorporating some 
new ideas and trying to improve technology. 


The plan is to start this research with preliminary experi- 
ments involving uranium, RI, etc. using the lab equipment 
installed in the gloveboxes in the Lab A and Lab B 
buildings and the alpha-gamma cell in Lab B building, and 
after that to move on to experiments involving plutonium 
and spent fuel. 


Regarding the basic data gained from this research, we will 
try to obtain that which is most applicable through system- 
atic and precise analysis. In developing new processes, it 
will be necessary to collect basic data for verifying and 
evaluaiing process feasibility through verification experi- 
ments using spent fuel and plutonium, though on a basic 
and limited scale. Accordingly, we believe that the lab 
equipment in the alpha-gamma cell will play a role in 
sourcing the necessary lab samples for basic research on 
new ideas and uncovering the seeds of new technologies 
while at the same time being a test bench for new processes 
and new ideas. 


In the research with the alpha-gamma cell involving spent 
fuel, the plan is to obtain products unique to reprocessing 
such as high-level liquid waste, insoluble residues, hulls, 
and waste solvents that can be used as materials for doing 
research on group separation and on TRU chemistry 
which will be discussed later in this article. 
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3. Research on TRU Waste Management 


The land disposal of radioactive waste produced by 
nuclear power plants in Japan started with the shallow 
interment of low-level radioactive waste, but that is 
expected to increase as more waste containing TRU 
nuclides is generated with the large reprocessing plants 
now being built and with the use of recovered 
plutonium." In addition to that, high-levei vitrified waste 
will continue to be returned to Japan as electric power 
companies have their spent fuel reprocessed abroad, and 
similarly the possibility that other solid low-level waste 


containing TRU nuclides generated by reprocessing pro- 
cesses will also be returned. 


Waste containing TRU nuclides. unlike high level waste, 
generates very little heat, yet because that waste contains 
long-lived « nuclides, it must be kept away from human 
environments for comparatively longer periods of time 
than low level radioactive waste produced by nuclear 
power plants. That means that a safe means of disposal has 
to be developed for that waste that applies methods of 
treatment such as solidification which take into account 
the unique properties of that waste and which are able to 
meet the specifications of solid waste.*-” 


Accordingly, the R&D being done at NUCEF in this area 
is expected to include: 


* tests to evaluate the migratory behavior of TRU 
nuclides in shaliow underground beds for the purpose 
of establishing an upper limit on TRU nuclide con- 
centration for the radioactive waste generated at 
reprocessing facilities that can be disposed of in 
shallow underground beds, 

© research to find new ways of solidifying waste con- 
taining relatively high levels of TRU nuclides and 
which improve the characteristics of that waste, and 

* research to improve the safety of TRU waste disposal 
and evaluate the artificial and natural barriers that 
would contain that waste, and, finally, 


© basic research on the chemical and geochemical 
behavior of TRU elements inside natural barriers. 


That R&D is also expected to include developrient of a 
non-destructive means of measuring TRU nuclides within 
waste and development of a way to inspect the quality of 
solid TRU waste for the purpose of partitioning and 
storing solid waste and determining safety during disposal, 


TRU nuclide content levels for sorting waste containing 
TRU nuclides, improve reliability in evaluating barrier 


performance and improve the performance of solid waste. 


The second area of research will be concerned with per- 
fecting a rational way of sorting and partitioning solid 
TRU waste. The results of this research will be used to 


R&D on a quality control method for solid TRU waste. 


In Table | below, we show the aim of each research item 
along with the expected results. In Figure 4, we show how 
each of these research items fit into the overall picture in 
terms of results and usage. 























Research Item Research Aim Expected Re<eit 
R&D on TRU waste Research on new vit- | Fabrication of new Study sohdification materials Discover new materials Develop 
treatment and dis- rified ceramic waste vitrified ceramic Select optimum sintering conditions | powder processing 
posal waste Ebucidate solid solution quantities Elucidate basic solidifying mec ha- 
of TRU elements 
Tesi characteristics of assay Gather safety assessment data 
_@ vitrified ceramic Surface assay of solid waste Elucidate basic leactiing mechanism 
waste 
Tests to assess barr'cr | Test adsorption char Assess performance of artificial Determine levels of TRU waste 
acteristics and natural barriers based on for sorting in shallow 
adsorption tests beds 
‘Tne efemtion hm. , of entific"4 Gather data needed for assessing 
acteristics and natural berriers based on ' 
migration tests 
Comprehensive tests General tesi to assess 
of barrier performance based on large-scale 
performance column test device 
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Table 1. Research Aims and Expected Results (Continued) 
Research ltem Research Aim F upected Resait 
Research on interaction between actunide cle- Research on precipitation, crys- Elucidate mmmobslizztion factors 
ments and underground water and rocks tallization. and mineralization of | of actimde elements in the envi- 
actimde elements ronment 
Solution chemistry research on Gather predictive and thermody- 
actimide elements namic data on movement in the 
environment 
R&D on ways to R&D on non-destructive ways of measuring Deveiop highly sensitive and Perfect rational way of sorting 
measure and inspect TRU elements in waste accurate method of measuring TRU waste for disposal 
the quality of solid low level waste 
TRU waste Develop a hoghly reliable way of 
R&D on ways to inspect the quality of solid sorting waste for treatment and 
TRU waste disposal 
Assess internal soundness of 
TRU wasie packages 
Find Ren ore se te erie an Etec Arey of Oeatiry af dour Wow by 
ee ee en ed 
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if . l 
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Ort, Aowercrs wy Mee eam Cotas ecto ako ed oe 
Verty interne Sourdness Power T Cotes Powe Satery 
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Figure 4. Research Program on Safe Management of TRU Waste 
(1) R&D on TRU Waste Treatment and Disposal In this part of the research, we will conduct leaching tests 
_ to determine the underwater durability of the new vitrified 
(A) Research on New Vitrified Ceramic Waste Unit ceramic waste unit obtained through the aforementioned 


This research will seek to improve the performance of solid ached unui’ ie = —e a a ot 
TRU waste as a primary barrier. analyze the surface of the “ceramified” waste after 


1. New Vitrified Ceramic Waste leaching. 


_ (B) Barrier Performance Assessment 
This research will seek to study solidification elements 
such as zirconium, and to ascertain the optimum sintering —_‘ This research will have to do with testing the performance 
conditions for immobilizing TRU waste in a ceramic of man-made and natural barriers such as earth, sedimen- 
having excellent durability. It will further include a study _tary rock, backfill, and concrete which are expected to play 
to find a way of determining the maximum amount of 4 role in preventing or retarding the migration of TRU 


transuranic elements that can be held in solid solution. nuclides in the shallow underground disposal of TRU 
waste, and gathering the necessary data to sori waste and 
2. Properties of New Vitrified Ceramic Waste evaluate the safety of underground disposal of TRU waste. 
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1. Adsorption Characteristics 


In this part of the research, we will conduct batch tests 
using TRU nuclide solutions on materials such as earth, 
sedimentary rock, backfill, and concrete in order to inves- 
tigate the relationship between TRU nuclide adsorption 
characteristics and things such as solution pH and oxida- 
tion-reduction potential and to elucidate the adsorption 
mechanism, and at the same time cuilect basic data for 
evaluating migratory characteristics. 


2. Migratory Characteristics 


Here, we will conduct miniature column tests using TRU 
nuclide solutions on materials including earth, sedimen- 
tary rock, backfill, and concrete in order to investigate the 
relationship between TRU nuclide migration and things 
such as solution pH and oxidation-reduction potential and 
to elucidate the migration mechanism while collecting 
basic data on barrier performance. 


3. Comprehensive Barrier Performance Tests 


In this segment of the research, we will use a large-scale 
column test device to test the migration of TRU nuclides 
on larger test samples such as undisturbed earth, sedimen- 
tary rock, and concrete in order to comprehensively ascer- 
tain barrier performance based on an assay assessment of 
the test results. 


(C) Research on Interaction Between Actinide Elements 
and Underground Water and Rocks 


In order to deepen our understanding of the chemical and 
geochemical behavior of actinide elements inside the 
earth, we will conduct research on solution chemistry that 
will include identifying underwater solution types as well 
as basic research on deposition, crystallization, and min- 
eralization. 


1. Research on Deposition, Crystallization, and Mineral- 
ization 


If actinide elements deposited in organic, inorganic, and 
complex matter in groundwater could be mineralized, it 
would prove to be a valuable immobilizing phenomenon. 
Therefore, here we will use spectrometry, X-ray diffrac- 
tion, and thermal assay methods in research on the crys- 
tallization of plutonium and neptunium in which hydrox- 
ides are converted to oxides, and on the generation of 
silicate crystals and phosphate crystals. 


2. Solution Chemistry Research 


Here, concerned primarily with carbonate complexes, 
which are a dominant dissolved species in the environ- 
ment, we will spectroscopically analyze the chemical iden- 
tity and reactivity of An (IV) and An (VI). (An: actinide) 


"(2) R&D on Quality Inspection and Measurement of Solid 
TRU Waste 


(A) R&D on Non-Destructive Measurement of TRU in 
Waste 


In R&D here, we will seek to significantly improve the 
system for measuring and detecting TRU elements and to 


develop a method in which the calculations can be cor- 
rected based on the internal properties of the solid waste, 
and to enable waste containing minute quantities of TRU 
elements to be measured, differentiated, and sorted. 


We will also attempt to develop a highly sensitive non- 
destructive method of measuring TRU elements in which 
a high-energy electron beam is used to generate photofis- 
sion reactions. 


(B) R&D on Quality Inspection Method for Solid TRU 
Waste 


Here, in order to assure safety in the treatment, disposal, 
management, and handling of solid TRU waste, we will 
develop a technology for non-destructively ascertaining 
the internal properties of TRU waste by transmission 
computed tomography (TCT), and the presence of internal 
radiation by emission computed tomography (ECT), the 
results of which will contribute to a more precise determi- 
nation of radioactivity and toward formulating a rational 
storage disposal policy that is suitable for solid TRU waste. 


4. Research on TRU Chemistry 


In trying to make improvements in reactor safety, repro- 
cessing, reprocessing processes and in trying to move the 
research ahead on waste treatment and disposal, it is abso- 
lutely essential to have real data in which spent fuel is used 
on things such as the burnup of fuel, amount of fission 
products and TRU nuclides generated, and the solution 
chemical and nuclear properties of those elements. Along 
with that, it is essential in the R&D being done on higher 
fuel burnups and plutonium usage, and on group separation 
of TRU elements from high level liquid waste and methods 
to reduce these, that research be done to create an advanced 
separation method, perfect a fuel manufacturing tech- 
nology, and elucidation of TRU behavior that is compatible 
with these new nuclear fuel cycles. 


The research on TRU chemistry has been broadly divided 
into the following three areas based on the needs described 
above: 


(1) Characteristic tests on spent fuel 
(2) Basic research on new reprocessing theories 
(3) Research on TRU solidification chemistry 


In Figure 5, we show the relationship between each of the 
research items, the use of results, and the research coop- 
eration relationships. 


(1) Characteristic Tests on Spent Fuel 


Here, we will apply a method whereby TRU elements are 
mutually separated by a mixed CH,OH/HNO, solvent- 
anion exchange separation method developed mainly by 
the Assay Center of the Japan Atomic Energy Research 
Institute to ascertain the following points concerning the 
dissolution of spent fuel. 


i) That the undissolved residue weight will increase 
almost linearly in an actual burnup range between 
7,000MWd/t-30,000MWd/t. That the rate of 
increase will rise a little bit higher than that. 
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Figure 5. Structure of TRU Chemistry Research at NUCEF 





ii) That there is a good possibility that other colloidal 
iodine besides iodates (I0,) such as silver iodide 
and palladium iodide will be found as chemical 
species of iodine in the dissolved solution. 


iii) That except for 7*°U and ?*°Th, it will be quantita- 
tively possible using both alpha-ray and mass spec- 
trometry to detect in | mg of irradiated fuel the 

presence of 22 actinoid nuclides including 74°Cm, 

45Cm, and 74’Cm that were previously not detect- 
able. 


Meanwhile, a joint research project on actinoids has been 
concluded between Japan and the United States. Under 
this agreement, some incore irradiated actinoid samples 
taken during a net 550 days between 1985 and 1988 from 
the Donnelly [phonetic] prototype fast breeder reactor 
(FBR) in the United Kingdom are being shipped to JAERI. 
Obtaining highly enriched samples in the 50-100 percent 
range such as this is considered extremely significant in 
that it was previously thought possible. 


At NUCEF, we plan to develop a method of separating 
minute quantities of TRU elements and fission products 
based on ion exchange and solvent extraction methods, 
and also a method of measuring isotopes based on alpha- 
ray and mass spectrometry, and use to ascertain the 
behavior of spent fuel dissolved in various commercial and 
research reactors, and to investigate and gather data on the 
composition of undissolved residues and dissolved liquid. 
Also, concerning the irradiated actinoid samples sent from 
the United States, we plan to gather core data on target 
dissolving characteristics and to measure the minute quan- 
tities of TRU elements and fission products. 


To accomplish that research, and in particular to measure 
nuclides with mass numbers ranging from 1 to 280, we 
have installed nine mobile detectors, one stationary 
detector and one high-sensitivity detector, and are making 
plans to install a mass spectrometer that can work with 20 
specimens at a time. This equipment will enable quicker 
and more accurate measurements to be made with sample 
quantities small enough to reduce the exposure risk. The 
Assay Center of the Fuel Research Division, the party 
primarily responsible for this research, plans to conduct 
research on high-performance fuels and high-burnup fuels 
between 1994-1996, and proceed with research on MOX 
fuel after 1997. The research on irradiated actinoids is 
scheduled to start in 1994. 


(2) Basic Research on New Reprocessing Theories 


Most of the research being done on separating TRU 
elements and fission products is based on wet processes. 
Recently, researchers have started experimenting with a 
quantum chemical method in which a highly selective 
extractant is used to separate TRU elements.‘'” This 
method usually requires no acid solutions or solvents, has 
comparatively faster reaction speed and processing speed, 
and enables equipment to be more compact and processes 
to be more efficient. There is also a lot of research being 
done by the U.S. and other countries on a molten-salt 
separation method which has the unique feature of being 
able to reduce the amount of waste generated."’* 


JAERI has also discovered with a crown ether/ 
thenoyltrifluoroacetone (TTA)-high permittivity solvent 
(dichloroethane, etc.) system that there are trivalent lanth- 
anoid and actinoid ion pair synergetic extractive reactions 
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which occur and which increase the mutual separation 
factor. It is also beginning research to synthesize new 
extractive reagents. 


As far as the molten-salt separation method, we have 
begun to install test equipment for measuring the current- 
potential curve of uranium, lanthanoids, etc. in LiO, 
molten salt and LiCl+KCl molten salt, and for determining 
the TRU separation factor. 


Using the above research and systems as a stepping stone, 
the next step will be to do R&D on methods of separating 
TRU elements and fission products based on solvent extrac- 
tion. Here, we plan to conduct basic research on a syner- 
getic-ion pair extraction method that is highly selective in 
separating trivalent lanthanoids and actinoids, and to do 
research on a TRU extraction method based on a new 
dual-coordinate extraction method. In the research on mol- 
ten-salt separation, we plan to collect basic data, particularly 
data pertaining to electrolytic reactions, that will be needed 
to develop a dry method of separating transuranic elements 
and lanthanoids using molten salts, and to determine the 
optimum separation conditions and separation factors 
between elements. In the area of special systems and equip- 
ment, there are plans to install a nuclear magnetic resonance 
spectrometer and inert atmosphere glovebox in order to 
gather data on the structure and electron states of lantha- 
noid and actinoid ions. An actinoid solution chemistry 
research group at the High-Technology Basic Research 
Center has been put in charge of doing research on extrac- 
tion mechanisms, new extraction systems, solubility, and 
distribution ratios in the period 1994-1996. 


(3) Research on TRU Solidification Chemistry 


Research is being done on Pu and Np compounds and 
more is being learned about phase states and fault 
structures,"'® but very little research is being done on 
americium (Am) because better research methods are 
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needed to reduce the risk of exposure. There has been very 
little research being done elsewhere in the world either. 


That being the case, this research will focus on learning 
more about americium in which there is very little basic 
data. Sometime after 1997, research will begin on the 
preparation of TRU fuel and targets and the thermody- 
namics of Am compounds in the alpha-gamma cell and 
argon (Ar) atmosphere glovebox. 


In the preparation of TRU fuel and targets, researchers will 
manufacture metallic Am by oxide reduction and ascertain 
its behavior as an alloy. This will also include irradiation 
of fuel containing Am. 


In the research on the thermodynamics of Am compounds, 
researchers will prepare an Am compound and study its 
crystal structure, phase state, reaction behavior, oxygen 
potential, and thermal measurements. This research will 
be conducted under the supervision of the Fuel Related 
Research Lab in the Fuel Research Division. 


5. Development of NUCEF-Related Element 
Technologies 


The NUCEF facility has two large-scale critical experi- 
ment facilities, STACY and TRACY, a nuclear fuel man- 
ufacturing facility which supplies a variety of liquid fuel to 
these facilities, and an alpha-gamma cell which conducts 
small-scale experiments on reprocessing processes and 
group separation. This research will focus on maintenance, 
inspection, and waste management in these facilities, and 
on the nuclear fuel manufacturing facility having features 
similar to a reprocessing facility. The plan here will be to 
develop the element technologies described below with the 
aim of consolidating a technology base to insure the safety 
of the reprocessing facility and to incorporate next- 
generation technologies. We have sought to make the 
present research plan more specific than previous research 
plans discussed earlier. In Figure 6, we show an outline of 
the element safety technologies to be developed. 
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Figure 6. Development of Element Safety Technologies at NUCEF 
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(1) Development of Safety Simulation Technology 


With the nuclear fuel manufacturing facility, we are able to 
not only get basic data on normal operations, but we are 
also able to get basic engineering data on reprocessing 
processes. By building up this data, we will develop a 
simulation code for the entire reprocessing facility. 
Looking at the future as well, we can use this information 
to help us develop operation support systems that provide 
plant operators with valuable plant data and suggestions. 


(2) Development of Maintenance and Inspection 
Technology 


The aim here will be to develop a technology which enables 
us to predict the life of equipment and lines and to detect 
faults in the nuclear fuel manufacturing areas which use 
liquid plutonium, as well as predict the life of filters used 
to adsorb the iodine produced in criticality experiments, 
and to develop a technology which will contribute to 
rational maintenance and inspection procedures. This will 
also include the development of remote-controlled equip- 
ment incorporating virtual reality and robot technology to 
improve maintenance and inspection work done in highly 
radioactive areas. 


(3) Development of Safeguard Technology 


Here, we will use the nuclear fuel manufacturing facility as 
a test bed to develop an inline monitor that is more 
sophisticated than the tank level gauge method, and which 
can be used to control plutonium weight. This research will 
also include using operation data obtained in developing 
the safety simulation technology to develop a process 
monitoring system and to upgrade the weight control 
method used in the reprocessing facilities in order to 
further rationalize safeguard procedures. 


(4) Development of Method of Treating TRU Waste 


In using TRU liquid waste generated at the nuclear fuel 
manufacturing facility, the aim here will be to isolate and 
purify TRU elements at the engineering scale level as a 
basic quenching technology, and to design an optimum 
waste management system. This will contribute to a more 
advanced TRU waste treatment system. 


(5) Development of Probabilistic Safety Assessment 
Method for Reprocessing Facility 


The aim here will be to develop a probabilistic safety 
assessment code as a means of assessing reprocessing 
facility safety, and then to determine the applicability of 
that method using a database containing data on design, 
fabrication, tests and inspections undergone, operating 
history, maintenance and fault history of the nuclear fuel 
manufacturing facility. This will help consolidate a tech- 
nology base for assessing reprocessing facility safety and 
for providing the facility with safer operations. 
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Construction of NUCEF and Its Facilities 


94FE0636C Tokyo GENSHIRYOKU KOGYO 
in Japanese May 94 pp 27-56 


[Article by I. Takeshita, NUCEF Program Assistant 
Director; T. Itahashi, Nuclear Technology Group Leader; 
N. Izawa, Process Technology Group Leader; and S. Oka- 
zaki, Assay Technology Group Leader] 


{[FBIS Translated Text] The Nuclear Fuel Cycle Safety 
Engineering Research Facility (NUCEF) is made up of two 
critical test facilities, three alpha-gamma cells, and many 
systems and equipment built into approximately 90 glove- 
boxes. In this paper, we will outline the construction of 
NUCEF and its facilities, and discuss what has been done 
in terms of safety design, licensing permits, inspections 
and safeguard measures. 


1. Construction of NUCEF and Facilities 


The construction of NUCEF got underway in June 1989, 
but as Figure | shows, it really began eight years earlier 
with preparatory work that included detailed planning, 
design, and safety reviews. As has been stated in Part I, 
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Figure 1. NUCEF Pre-Construction Activities 





NUCEF is not a single-purpose lab but a facility which 
conducts a wide range of experiments pertaining to the 
nuclear fuel cycle, but that was not exactly how it started out 
in the beginning. The NUCEF program was originally three 
different programs with three different research agendas. 
These included the criticality safety research program 
(CSEF: Criticality Safety Experiment Facility), the 
advanced reprocessing program, and the TRU waste man- 
agement program (TRUST: TRU Safety Test Facility). 


(1) Research Prioritization and Facility Rationalization 


Even before these programs were integrated into one, 
studies were done to prioritize research and rationalize the 
facilities in their respective areas of research. 


The original plan with regard to the CSEF program 
included all the research to be done to improve the 
criticality safety of nuclear fuel facilities. That research 
required large budgets and lots of manpower. For example, 
to acquire criticality safety data on MOX powder required 
having a split table-type critical facility, and to obtain data 
on liquid fuel required a tank-type critical facility, and to 
do the experiments effectively required having two types 
of each critical facility, one for uranium usage and one for 
plutonium usage. 


This meant that the research program had to be priori- 
tized. Among the nuclear fuel facilities, priority was given 
first to the reprocessing facility, and for type of fuel, 
priority was given to liquid fuel systems. To achieve the 
proper size facility, design engineers developed prelimi- 
nary concept designs, conceptual designs, detailed designs, 
and final designs, and for the critical facilities, they opted 
for two tank-type static critical experiment facilities and 
One transient critical experiment facility. 


The critical experiment facilities at the CSEF were to be the 
first of their kind in Japan to use nitrate solutions of 


plutonium, so we had studies done on the design of systems 
and operating safety procedures with the help of researchers 
at critical labs in the U.S. and France and by experts inside 
and outside JAERI, e.g. research committees. 


The TRUST program, meanwhile, was different from the 
CSEF program in that it sponsored a wider variety of 
research projects in such areas as the treatment and 
disposal of alpha waste, group separation, reprocessing 
processes, and spent fuel, but like the CSEF program it also 
had to prioritize its research program, wherein which the 
Original five alpha-gamma cells were consolidated into one 
laboratory building. The work to integrate these facilities 
got started in late 1984 after phases of the two programs 
were completed. 


(2) Integration of CSEF and TRUST Programs 


The decision to integrate these two facilities into one was 
made no doubt with the aim of cutting cost through the 
shared use of equipment and the need for less staff per- 
sonnel, but it was also done because it offered the opportu- 
nity for researchers from different fields to come together 
under one roof and exchange ideas with the goal of devel- 
oping the nuclear fuel cycle backend, and also because it 
would act to energize the research being done there. 


Integrating these two facilities was not as easy as it seemed, 
for although it was true that research at both facilities had 
to do with TRU elements, the aims and specifics of that 
research were entirely different, not to mention the fact 
that reactor facilities, spent fuel facilities, and RI facilities 
are regulated entirely different from each other. 


The research program was further prioritized, resulting in 
the existing NUCEF facility which was centered around 
two critical experiment facilities, three alpha-gamma cells, 
and a hundred or so large and small gloveboxes. 
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The reason that NUCEF was divided into Lab A and Lab 
B Buildings was because many believed that putting so 
many laboratories in one building would create inordinate 
traffic flow problems, and secondly because it would be 
more cost-effective to maintain the plutonium handling 
activities in one building which had been afforded more 
earthquake protection. That is the reason why the storage 
tanks, which were originally planned for the Lab B 
Building out of process flow considerations, were moved to 
the Lab A Building. 


(3) Safety Review 


The basic design of NUCEF (cf. “detailed design” in 
Figure 1) was finally completed in late 1987. This was 
followed by a safety review by a review board within 
JAERI, and a request of regulatory officials to do what is 
called a “prehearing,” but this is where we ran into 
problems. 


In criticality safety experiments, researchers try to acquire 
a broad range of critical data with nitrate solutions of 
uranium and plutonium, but this also requires equipment 
which can alter the concentration and composition of fuel. 
Another problem is that the transportation of large quan- 
tities of nitrate fuel solutions from outside the facility 
requires equipment which can change oxides to nitrate 
solutions. This equipment is generally referred to as fuel 
regulating equipment, but there has been a problem in how 
to properly classify this equipment from a regulatory 
standpoint. Some say that the critical experiment facility is 
a reactor and that since fuel from here is being chemically 
treated that this equipment should be classified as repro- 
cessing equipment. Others argue against this and say that it 
should be classified under fuel manufacturing equipment 
because the fuel is manufactured by a nuclear reactor. Still 
others say that since it is related to a nuclear reactor that it 
should be partially classified under nuclear reactors. At 
any rate, that equipment has come to be partially classified 
as nuclear reactor equipment, and based on the character- 
istics of that equipment everyone agrees that the most 
important issue is safety. For the time being though, 
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regulatory officials are still not entirely at ease as to how 
that equipment should be classified. 


As a safety review of the reactor facilities and nuclear fuel 
use facilities was being administered by government and 
regional officials, we started working on safeguards for 
those facilities, but that work could not be crammed into a 
short time frame, so we had to do it in stages starting with 
the design and proceeding to construction, and operation. 


(4) Construction and Installation of Equipment 


The construction of NUCEF, which has one basement 
af and three aboveground floors covering some 18,000 

took exactly three years to complete. That work 
officially began in June 1989 when 30,000 m? of land on 
the south side of the special reprocessing research building 
at the JAERI Tokai Research Institute was cleared and the 
civil engineering work started. It was completed in May 
1992 when the two laboratory buildings, the Lab A and 
Lab B Buildings, were completed. In Figures 2-4, we show 
the progress made at various stages from the preparation of 
the site to the completion of the buildings. 


A hole was drilled into the earth below the NUCEF facility 
at a depth of 1140 meters to collect basic data for analyzing 
and evaluating the earthquake resistance of the buildings. 
The first 10-15 meters below the surface consist of a sandy 
layer and below that is base rock (sandy-mudstone). The 
Lab A and Lab B Buildings, which have one basement 
floor and three aboveground floors, are both built upon 
that base rock. 


In constructing the facility, we avoided using the so-called 
“kanji kaisha” system in which the work is consigned to 
one company, but rather we used a number of joint 
venture companies including one JV to build the buildings, 
and others to install the exhaust system, electrical equip- 
ment, and so forth. A group of five or six contractors was 
used to build the critical experiment facilities and related 
equipment. This approach brought on numerous problems 
right from the beginning due to trying to coordinate all the 
different design and construction work. To deal with this 
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Figure 2 NUCEF Site After Clearing ant Leveling 











This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














JPRS-JST-95-007 
31 January 1995 


17 











eal ra 
. % at 


kd 32. 


Figure 4. Concrete Work For Building Floors 1-4 
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problem, JAERI provided a group of technical experts who 
were knowledgeable in those areas and who helped coor- 
dinate the work being done. Finally, through the coopera- 
tion of participating companies, we were able to avoid any 
unscheduled work stoppages. 


Figure 5 is a timeline of the work schedule at the site from 
construction work, equipment off-loading and installation, 
to trial run operations. Because of the time it took to lay 
the heavy concrete used for the shielded walls in the 
alpha-gamma cells, the A building lagged behind the Lab B 
Building up to the third floor, but after that both buildings 
pretty much maintained the same pace. The equipment 


started being installed in July 1991, and by February 1993, 
after the utilities were hooked up, the equipment under- 
went full-scale trial run operations, and by March of that 
year manufacturers had completed all but one-third of the 
cold functional tests. 


2. Overview of Facility and Safety 
(1) General Overview 


NUCEF has two laboratory buildings, the Lab A Building, 
which has a total floor space of 9,500 m?, and Lab B 
Building, with a total floor space of 9,500 m?. The main 
facilities and equipment maintained in the Lab A 
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Figure 5. Construction and Trial Run Schedule of NUCEF 






































Figure 6. Bird’s-Eye View of the Lab A and Lab B Buildings 
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Building, which was designed to be earthquake-resistant, 
include the static critical experiment facility (STACY) and 
the transient critical experiment facility (TRACY) which 
are used to do research on criticality safety. The main 
facilities and equipment housed in the Lab B Building 
include the back-end key elements research facilities which 
are made up of alpha-gamma cells and approximately 30 
gloveboxes which are used to do research on TRU waste 
management. In Figure 6, we show a bird's-eye view of 
both buildings. The basement floor of both buildings 
contain various storage tanks and a hot exhaust system, 
while the first and second floors contain the main experi- 
ment facilities and a monitoring and control room, and on 
the third floor, we find the air supply machinery room. 


An analysis of the earthquake resistance of both buildings, 
according to earthquake-resistance design review policies 
for a power reactor facility, has found that the Lab A 
Building qualifies as an S, earthquake design category in 
terms of support features, and the Lab B Building qualifies 
as a B class building in terms of support features. 


In order to prevent the spread of contamination by air 
currents within the building during an emergency, a nega- 
tive pressure is maintained within the building so that air 
flow can be controlled in such a way that it flows from 
areas where there is a low possibility of contamination to 
areas wire there is a high possibility of contamination. 
The ventilation and air-conditioning s).tem in each 
building has been further divided into a hood system, 
glovebox system, reactor room and cell system, and admin- 
istration office system, and that, combined with the 
exhaust from the tank ventilating system and off-gas 
system, produces a total of 260,000 m°/hr of gas released 
into the atmosphere through a 50-meter tall stack. NUCEF 
also has two independent emergency power supply plants 
which are driven by gas turbine generators and come into 
service when there is a commercial power failure. The 
generators supply electricity to important safety equip- 
ment such as the off-gas system and tank ventilating 
system used for purging hydrogen gas. 
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(2) STACY Facility Profiled 


The purpose of the STACY facility is to obtain a wide 
range of critical and non-critical data on nitrate solutions, 
which is the form in which most nuclear material at 
reprocessing facilities is used, and to use that data to verify 
margins of safety in criticality safety designs of existing 
facilities and to rationalize the design of facilities planned 
in the future. 


The other facilities in Japan that have experience with 
uranium solutions include the JRR-| which JAERI built as 
a uranium critical experiment facility, and a water-based 
homogeneous critical experiment facility, but STACY was 
the first facility of its kind in Japan with the capability to 
use nitrate solutions of both uranium and plutonium. In 
— 1, we list the main specifications of the STACY 
acility. 





Table 1. Main Specifications of STACY Facility 




















Thermal output Max. 200 W 

Max. excess reactivity $0.8 

Max. core capacity Approx. 1100 lit 

Reactivity control method Regulate liquid fuel 

Shutdown methods: —Normal: Discharge liquid fuel 
—Emergency: Free drop of safety 
rod or plate 





A wide range of experiments are being planned with the 
STACY facility. They involve the use of low enriched 
uranium and plutonium nitrate-water solutions, which are 
the materials mainly dealt with in reprocessing of light 
water reactor fuel. The experiments will involve collecting 
critical and non-critical data in annular and slab tanks, and 
also acquiring data on heterogeneous cores with mockup 
dissolving tank systems. 


In Table 2, we show the range of critical experiment 
parameters being planned. 





Table 2. STACY Experiment Parameters 























Experiment Core STACY 
Homogeneous core Heterogeneous 
Basic core Matual interference core — 
Core tanks Shape/Dimen- Annular tanks: 2icm-100cm Annular tanks: 21cm-100cm Annular tank: 
sions (cm) diameter, slab tank: 70cm diameter, slab tank: 70cm 60cm diameter 
wide, 10cm-50cm thick wide, 10cm-50cm thick 
Fuel conditions Uranyl nitrate- Enrichment (%) Approx. (4,6,10) Approx. (4,6,10) Approx. (4,6) 
ae Concentration Less than 500 Less than 500 Less than 500 
(gU/it) 
Other —_ _ Approx. 5% PW 
fuel rod enrich- 
ment (50-500 
rods) 
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Table 2. STACY Experiment Parameters (Continued) 
Experiment Core STACY 
ee a eee Heteregescoes 
Basic core Mutnal interference core 
Plutonium Enrichment (%) Approx. (4,6,10), undisturbed | Approx. (4,6,10), Natural _— 
nitrate-water uranium uranium 
myer Wop isotope | 528 $-25 ~ 
nitrate-water and | "#0 
plutonium Pu enrichment (%) | 0-100 0-100 _ 
nitrate-water 
solutions Concentration Less than 300 Less than 300 a 
gU+Puylint 
Test loading Reflectors Water, SUS, concrete, etc. Water, SUS, concrete, etc. Water 
ans Stationary absorbents Cd, B, etc. Ca, B, etc. Ca, B, etc 
Neutron isolators - Water, SUS, Cd, B, concrete, etc. | — 
Other Soluble poisons — Soluble potsons, 
void simulator 














A dump tank installed atop the core tank pumps liquid 
fuel, adjusted for enrichment and concentration, to the 
core tank where researchers do a critical approach opera- 
tion while measuring the effective rate at which neutrons 
multiply. The scientists measure the level of the liquid fuel 
in the core tank by a contact needle-type level gauge. When 
the most extended of the three needles located at the tip of 
the level gauge makes contact with the liquid, it causes the 
feed pump to stop, thereby limiting reactivity as a control 
mechanism. When the liquid being supplied goes some- 
what beyond that limit, one of the other two needles 
positioned atop the gauge automatically sends a scram 
signal indicating a malfunction or maloperation. 


When the experiment is completed, a safety rod installed 
atop the core tank is lowered into the tank, and the liqu’d 
fuel is gravity-fed to the dump tank using a discharge valve 
provided at the bottom of the tank. 


In Figure 7, we show the main systems of STACY, and in 
Figure 8, the contact needle-type level gauge. 


The core tank has been designed so that it can be replaced 
according to the type of experiment conducted. The inside 
of the tank is cleaned after each experiment, however it 
took some ingenious thinking with regard to the couplings 
to come up with a way to quickly and safely replace the 
tank without contamination. The equipment associated 
with the core tank is kept inside the core lab hood out of 
concern of contamination. The core tanks were designed 
with both safety rods and contact needle level gauges. 
Figure 9 (not reproduced] is a photograph showing a core 
tank installed. 


The STACY facility has a maximum electrical output of 
200W, which is quite small, but because it uses liquid fuel, 
which is different from the solid jacketed fuel material, 
care must be taken to safely contain the fission products 
generated in the experiments. 


That is why the core tank and dump tank are connected to 
the off-gas treatment facility via a ventilation plant to 
purify the vent gases. In trying to cut back the level of 


radiation, we have installed a damping line with a 10- 
minute residence time at the tip of the ventilation plant to 
powerfully vent radioactive short-lived nuclides. The 
system has been designed with a silver-based filter in the 
ventilation system to remove radicactive iodine. 


(3) TRACY Facility Profiled 


The experiments planned for the TRACY facility involve 
adding positive reactivity to a core to accelerate the chain 
reaction from non-critical and delayed critical states to a 
prompt critical state. The aim of the experiment will be to 

measure output changes, changes in internal core pressure 
qnaagd ty Go sodlation end codon tneveanee ‘eo one, ond 
the fission products that have traveled from inside the core 
to the ventilation system, and to quantitatively understand 
transient criticality and the events that accompany such a 
state. In Table 3 we list the main specifications of the 
TRACY facility, and in Figure 10 we show the TRACY 
facility installed. 





Table 3. Main Specifications of TRACY Facility 























Thermal output Rated output run: 10 kW 
Transient output run: SO0OOMW 

Max. excess reactivity Rated output run: $0.8 
— TSO core: 
T80 core: $2 

Max. core capacity Approx. 500 lit 
Regulating transient rod 

Shutdown methods: Normal: Ds fuci 
Emergency: Free drop of safety 
rod or regulating transient rod 

The level of uranium enrichment planned for the experi- 

wil employ val percent and 60 The TRACY facility 
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Figure 7. Main Systems of STACY Facility 





During the experiment, and for more than 24 hours after 
the experiment, researchers will try to dilute the hydrogen 
gas with an 11m? dilution tank having a closed-loop 
ventilation system, thereby decreasing the amount of 
short-lived radiation. The system has been designed with a 
recombiner to convert hydrogen gas, etc. back to water, 
and thereby prevent any possibility of explosion by 
hydrogen gas. Figure 11 shows the main systems of the 
TRACY facility. Analysis has shown that the maximum 
pressure generated in the core during transient criticality 
will be about 5 kg/cm’, but the core has been designed to 
withstand pressures as high as 9 kg/cm’. 


The additive method of reactivity, which results in a 
transient event, is done by either removing a regulating 
transient rod (neutron absorption rod) by compressed air 
or by electric motor, or by continuously supplying liquid 
fuel. 





21 




















Approx. 210 mum Approx. 100 mn 
<> es 
T> Motor 
Gem Seow 
Upper Position Agqren. 2788 eum 
eRe 
| 
| it]. Feed Control Contact 
A Feed Stop Contact | “aan 
Loner Position Needle \ ~ 
ay 3 NS <7 
1--<e Close-Up of A (Contact Needle) 
A Contact Needle 
Figure 8. Explanatory Drawing of Contact Needle-Type 
Level Gauge 





oP = 





i 





Figure 10. TRACY Reactor Core 





The regulating transient rod method involves no direct 
contact between the rods and the liquid fuel. The reason 
for this is to avoid disturbing the core liquid level and to 
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Figure 11. Main Systems of TRACY Facility 





prevent the drive mechanism from coming into contact 
with the nitric acid atmosphere. That is the reason why the 
core tanks are annular in shape. Figure 12 is an explana- 
tory diagram of the TRACY core tank. The reactor core 
tank like that of the STACY facility enables experiments to 
be done by either the reflector system method or the naked 
system method. 


(4) Mock-Up Tests on Main STACY/TRACY Equipment 


Mock-up tests were conducted on the main safety-related 
equipment and facilities of the STACY and TRACY 
facilities near the time that the actual equipment, which 
were designed exclusively at NUCEF, started being 
designed and manufactured. The tests were conducted in 
order to gather various data on the precision, earthquake 
resistance, and durability of the various pieces f 
equipment.'"? 

The equipment used in the mock-up tests were made to the 
specifications of the actual equipment and included a main 
reactor unit, safety rod drive unit, contact needle-type 
level gauge, regulating transient rod, feed pump, quick 
discharge valve, and lines. The results of those tests not 
only enabled us to establish the validity of designs and 
analytical methods used but also gave us good design data 
for administrative reviews and some useful information on 
operational management. 
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i) Precision and Performance of Equipment 


Tests here were conducted on six items which included the 
safety rod drive unit, regulating transient rod drive unit, 
contact needle level gauge, and microwave level gauge. 


1. Tests on the safety rod drive unit confirmed that the 
safety rod could be lowered into the tank within less than 
1.0 second of a scram compared to the 1.5 seconds drop 
speed to witich it was designed. The tests also produced 
data for reducing the reactivity effect of surface distur- 
bances produced when the rod breaks through the surface 
of the solution in the tank. A sampling of that data is 
shown in Figure 13. 
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Figure 13. Drop Performance Results of Safety Rod 
Driver 





2. Tests on the regulating transient rod drive unit con- 
firmed that the rod could be lowered into the tank faster 
than the speed to which it was designed (within 1.0 sec), 
and also that the longest part (100 cm) of the entire drive 
unit could be removed during transient output operation 
within 200 milliseconds. 


3. Tests on the contact needle-type level gauge were done 
to obtain various data on accuracy, liquid cutting proper- 
ties, and temperature compensation in the case where the 
contact needle is immersed in the solution with measure- 
ment accuracy to within +/- 0.2mm. Changes were also 
made to the structure of the drive shaft to reduce abnormal 
noises and lower vibration frequency. 


4. Tests on the microwave level gauge confirmed that 
measurements could be kept within +/- 3.0-5.0 percent 
when pressure is generated during transient criticality, and 
a fluctuations and voids take place on the solution 
surface. 
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NOTE: This is part of the results from tests done to verify 
criticality safety of reprocessing facilities that was 
commissioned by the Science and Technology Agency. 




































































Nozzles 
1 Regutating ransient rod nozzie 
2 Contact needie-type ‘evel gauge nozzie 
3 Safety rod nozzle 
4 Safety rod nozzie 
5 Temperature gauge nozzle 
6 Safety rod nozzie 
7 Level gauge nozzie 
8 Purge gas nozzie 
9 Gieaning nozzie 
10 TV camera nozzie 
+1 | Regulating transient rod guide tube 
(approx. 8 cm diameter) 
12 Pressure gauge cable nozzie 
13 Feed-discharge nozzie 
T50 Core Tank 
Material SUS304L 
Capacity 275 Mt 
B Dimension Approx. 50 cm 
| Gnside diameter) 











Figure 12. Explanatory Drawing of TRACY Core Tank 





5. Other tests concerning the hydrogen gas temporarily 
produced during critical experiments with TRACY con- 
firmed that adequate safety measures existed, but that the 
boundary in which the fuel is contained would be 
breached, with no functions inhibited, should some unex- 
pected explosion take place. 

ii) Durability of Equipment 

Tests were conducted on the durability of important 
safety-related equipment and equipment which exhibited 


the most dynamic movement while in operation. This - 


included the safety rod drive unit, regulating transient rod 
drive unit, contact needle-type level gauge, and quick 
discharge valve. Each piece of equipment was subjected to 
continuous movement tests through 5,000-10,000 cycles. 
The tests confirmed no noticeable drop in reliability at any 
time. 


The safety rod drive unit tended to increase its drop speed 
during the test. It surpassed design specifications each 
time, but because of thermal expansion, we had to change 
the labyrinth and wearing seals used in the cylinder and 
housing unit from a polyethylene to a radiation- and 
heat-resistant polyether-etherketone (PEEK). Test results 
with the new seals were positive. 


itt) Anti-Seismic Characteristics of Equipment 


Tests were conducted on equipment such as the safety rod 
drive unit, regulating transient drive unit, and quick 
discharge valve, which each have a role to play in the 
reactor shutdown process. Test results confirmed that the 
equipment would shut the STACY and TRACY facilities 


down under a hypothetical maximum strength earthquake. 
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Test results and numerical calculations also were in agree- 
ment concerning the inherent vibration frequency of liquid 
fuel in the core tank during an earthquake as well as the 
maximum wave height produced by seismic waves, 
thereby confirming that there would be no additional 
iv) Core Replacement Test 

The safety rod, contact needle gauge, and experimental 
drive unit do not employ welded construction or flanged 
couplings but rather use auto-coupler systems which 
reduce exposure by shortening the time it takes to do the 
tank replacement work. Tests confirmed good sealing 
performance at the couplings, and also confirmed that the 
tank could be replaced effectively using back seals installed 
on the couplings. 

(5) Fuel Manufacturing Facilities 

The STACY and TRACY critical experiment facilities are 
both equipped with scaled-down fuel manufacturing facil- 
ities to manufacture the uranium and plutonium fuel 
solutions used in these facilities. Since the fuel manufac- 
turing system has to handle all types and varieties of fuel, 
it has been designed with diverse operating modes that 
enable it to operate safely when there has been a malfunc- 
tion or failure. 

i) Overview of Facility 

The fuel manufacturing facility consists of 11 plants 
installed in both the Lab A and Lab B Buildings. The 


basement floor contains a 50-cm thick concrete storage 
tank room, and the middle basement contains pumping 


station equipment in the gloveboxes for pumping fuel 
solutions. The first fluor contains equipment mainly in 
gloveboxes, and the second floor has reagent regulating 
equipment installed in engineering hoods and instrument 
rooms. The largest equipment installed inside the NUCEF 
facility include 32 shielded gloveboxes, 5 engineering 
hoods, and 112 other pieces of equipment and storage 
tanks inside 15 storafe tank rooms. Figure 14 is a sche- 
matic drawing showing an overview of that equipment. 


In the sections below, we summarize the main equipment. 
1. Auxiliary Regulating Plant 


This is a plant that is used to regulate low enriched 
uranium and plutonium solutions. 


Equipment type: 
Solid cylindrical tank 
Processing method: 

-Dissolving operation—Batch operation 
Processing quantity: 

-Uranium—10 kg/day 

-Piutonitum—2.5 kg MOX/day (1 kg Pu/day) 
Heating method: Electric heater heating 
Temperature: Below boiling 
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As for uranium, 12 percent and 1.5 percent enriched 
uranium pellets are mixed together and dissolved in a 
uranium dissolving tank containing nitric acid to form 10 
percent and 6 percent enriched uranium solutions. In 
order to raise the solubility of plutonium, plutonium in the 
form of MOX pellets is dissolved in a plutonium dis- 
solving tank containing nitric acid. After the solution 
passes through a filter, it is weighed and then separaied 
into uranium and plutonium solutions by purification 
equipment. In the event plutonium residues remain after 
the MOX is dissolved, it will be identified by a neutron 
monitor located in the filter and then redissolved. 

2. Regulating Plant 

This equipment is used to enrich, dilute, and mix the fuel 
solutions that are fed to the core tanks of the STACY and 
TRACY facilities in order to achieve the right composi- 
tions and concentrations. 


Equipment Type: 
-Concentrator—Thermosyphon-type 
-Diluter/mixer—Static mixer 

Processing method: 
-Enrichment—Semi-continuous 


-Dilution/mixing—Continuous, and batch (fine regu- 
lating) operations 


Processing quantity: 
-Enrichment—Supply flow rate 25lit/hour 
-Dilution/mixing—Regulated amount 200lit/day 
Enrichment conditions: 
-Max. concentration—500 g/lit U; 300 g/lit Pu 
Heating method: Steam heating; Max. temperature 130°C 


As for the method of enrichment, the fuel solutions from 
the purification plant and liquid fuel storage tank go to a 
uranium solution receiving tank and a plutonium solution 
receiving tank, and after being sampled, are pumped or 
siphoned to uranium and plutonium concentrators. The 
plutonium solution from the purification plant contains 
hydroxyamine (HAN) and hydrazine residue, so before 
being enriched, it must be flushed with NO, gas to prevent 
bumping, and any oil component must be virtually elimi- 
nated to prevent a red oil explosion. 


In the mixing and dilution system, the solutions are 
adjusted for weight and flow rate and fed continuously to 
a mixing tank where they are mixed together with a mixer 
and then sent to a solution payout tank. The solution is 
finely adjusted in the solution payout tank based on 
sampling and assay results. 


3. Purification Plant 


This plant is used mainly to remove poisons (Gd) and 
fission products by solvent extraction from the liquid fuel 
used in the critical facilities. 
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Figure 14. Schematic System Drawing of Fuel Manufacturing Facility 
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Equipment Type: 
-Extractor—Pump-mix mixer-settler 
Processing method: 


-Purification—Continuous operation (non-continuous 
in daytime) 


Processing quantity: 
-Uranium—10 kg/day (8 continuous hours) 
-Plutonium—!1 kg/day (8 continuous hours) 


The adjusted liquid fuel is pumped and siphoned to an 
extractor where the poisons and fission products are 
removed by extractants. Mixed uranium-plutonium solu- 
tions (solvent phase) are passed through a plutonium stripper 
where the plutonium is separated from uranium by 
hydroxyamine. Moreover, to prevent any plutonium leakage, 
the plutonium solution is brought into contact with the low 
enriched uranium which acts as a plutonium barrier. The 
uranium solution (solvent phase) is placed in a storage tank, 
and after confirming that there have been no plutonium 
leakages, is passed through a uranium stripper where the 
uranium is stripped away by recycled water. The oil residue 
and stripped uranium and plutonium solutions are passed 
through a diluent scrubber to remove the oil components. 
Neutron monitors are used to continuously measure the 
amount of plutonium leakage from the plutonium holdup 
tank and uranium solvent tank of the extractor and pluto- 
nium stripper, and after actual results are obtained, esti- 
mates are made solely on the basis of the neutron monitor. 


4. Auxiliary Purification Plant 


This plant is used to recycle extractants (TBP/dodecane) 
and diluents (dodecane) and to separate oil components in 
fuel solutions. 


Equipment Type: 
-Extractor—Pump-mix mixer-settler (with internal cir- 
culation feature) 

Processing method: 


-Recycling operation—Continuous operation (non- 
continuous in daytime) 


Processing quantity: 
-Spent fuel extractant—80 lit/day (8 continuous hours) 
-Spent fuel diluent—40lit kg/day (8 continuous hours) 


The spent extractants and diluents from the purification 
plant are received by a waste solvent tank and waste 
diluent tank. The spent extractant is passed through a 
solvent washer where it is washed with alkaline or hydra- 
zine, and the spent diluent is adsorbed by silica gel. 


The liquid fuel which contains oil goes to a de-oiling 
receiving tank where the solution is separated into oil 
components and water soluble solution. If necessary, fuel 
is recovered by the purification plant. 


5. Auxiliary Fuel-Handling Plant 
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This plant is used to regulate the enrichment of different 
types of waste and the reagents that recover nitric acid and 
water and supply these to various plants. 


Equipment Type: 
-Enrichment—Thermosyphon model 
-Fractionation—Bubble cap method 
Processing method: 
-Enrichment—Semi-continuous operation 
-Fractionation—Continuous operation 
Processing quantity: 
-Enrichment—1 50 lit/day 
-Fractionation—{Enrichment ratio: About 100) 


-Reagent adjustment—1-3 dav amount (capacity of 
reagent tank) 


After liquid waste from the evaporator supply tanks in the 
fuel handling plant is sampled and assayed to determine that 
there is no unusual fuel present, it goes to evaporators where 
it is enriched and fractionated. If the neutron monitors with 


, 15. Evaporator and Fractionating Column 
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which it is equipped detect an abnormal amount of pluto- 
nium in the mixture, the supply of liquid waste is automat- 
ically stopped. Figure 15 is a photograph showing the evap- 
orator and fractionating column. The amount of liquid waste 
is reduced by sending the recoverea acid and water to a 
reagent regulating system, and reusing it in reagents in the 
auxiliary regulating plant and the purification plant. 


6. Liquid Fuel Storage Plant 


This plant is used to store liquid uranium and plutonium 
fuel. 


Storage capacity: 


-Uranium—10 percent and 6 percent enriched uranium, 
and natural uranium; Two 380lit tanks, and four 420lit 
tanks 


-Plutonium—One 240lit tank, and one 280lit tank 


The volume of solution in the tanks has to be periodically 
recalibrated for purposes of safeguard weight manage- 
ment, therefore, the tanks have been designed with cali- 
bration pots in the tanks that are used to recalibrate the 
liquid fuel in the tank so as to keep down the amount of 
calibration waste generated. 


7. Tank Ventilator B 


This is equipment used to treat vent gases from the plants 
in the fuel manufacturing facility. This ventilator uses a 
scrubbing column to remove NO, gas produced when fuel 
is dissolved, and to remove the excess NO, gas used for 
adjusting plutonium valences. It also uses a demister to 
remove the a mist produced from each storage tank. 


8. Other Plant and Equipment 


Other plant and equipment include the plutonium storage 
and powdered fuel handling facility that is used to store 
and handle MOX pellets. There is also comparatively large 
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siphoning equipment used to transport the liquid fuel for 
the fuel manufacturing facility. 


9. Operating and Control System 


The operating, monitoring and control of the fuel manu- 
facturing plants is done primarily by a computerized 
DDCS monitoring and control system that has been 
installed in the control room. The input/output units of the 
DDCS consist of seven CRT consoles, three printers, and 
hard copy logs. A photograph of the control room can be 
seen in Figure 16. 


ii) Safety Equipment 
1. Criticality Prevention 


The fuel manufacturing plants have been designed quite 
strictly from the view of criticality safety because they have 
to handle relatively large quantities of low enriched ura- 
nium and plutonium. 


(1) Restrictions have been placed on critical limits and 
distances between plutonium handling equipment such as 
plutonium concentrators, extractors, and plutonium solu- 
tion storage tanks based on the total content of plutonium 
nitrate-water solution. 


(2) Restrictions have becn placed on ciitical limits and 
distances between uranium handling equipment such as 
uranium concentrators, uranium st.ippers, and uranium 
solution storage tanks based on the total content of uranyl 
nitrate-water solution. 


(3) Restrictions have been placed on critical limits and 
distances between the plutonium solution tanks and filters 
based on the total content of the PuO,-H,O solution. 


(4) The uranium solution tanks handle enriched uranium 
oxide, so restrictions have been placed on critical limits 
and distances between the tanks based on the total content 
of the UO,-H,0 solution. 


Figure 16. 
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(5) The equipment for handling low enriched uranium 
solutions and plutonium solutions have been completely 
separated from each other in order to prevent plutonium 
from being erroneously sent to equipment that handles low 
enriched uranium. 


(6) Restrictions have been placed on critical limits and 
distances between lines in the lines outside the glovebox 
which transport liquid fuel based on plutonium nitrate and 
uranyl nitrate solutions. 


(7) A number of interlocks have been provided to prevent 
the overflow of tanks which store liquid fuel, to prevent 
production of plutonium polymers, and to prevent the 
mixing of any more. plutonium into the acid recovery 
evaporators than what is set by the mass control limit. 


2. Fire and Explosion Prevention 
(1) Organic Solvent Fire 


The temperature of purification equipment such as the 
plutonium and uranium strippers rises while the equip- 
ment is in use, so an interlocking function has been 
designed into the system that monitors the temperature of 
the organic solvents and automatically shuts the operation 
down in the event of abnormal indicators. 


(2) Hydrogen Explosion 


Because hydrogen is produced by the radiolysis of the Pu 
solution inside the storage tanks which store the plutonium 
solutions, a blower is provided to keep the concentration 
of hydrogen gas sufficiently below the explosion level. 


(3) In order to prevent an explosion from taking place due 
to red oil produced in the uranium and plutonium canis- 
ters, and acid recovery evaporators, temperature inside the 
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canisters is monitored, and it is automatically shut down 
by an interlock function in the event of an abnormal 
indicator. 


3. Other Safety Designs 


In order to maintain soundness of equipment, the equip- 
ment has been designed to work under a strong earthquake 
or strong pressure. The equipment is classified as earth- 
quake-resistant-class based on the abi'ity to prevent criti- 
cality, contain radioactive materials, and prevent 
hydrogen explosions. The liquid fuel handling equipment 
have been designated as A-class earthquake resistant 
equipment based on the ability to prevent criticality, and 
for staying below the critical mass control limit. The 
gloveboxes, which have A-class designations, have been 
designed and built to A-class standards. Most of the 
equipment has been designed to operate under maximum 
allowable working pressures that are nine times greater 
than normal operating conditions. 


(6) Cells, Gloveboxes and Other Built-In Equipment 
i) Cell Unit 


A cell contains a variety of equipment and instruments for 
doing research involving the handling of highly radioactive 
materials. That research includes the testing of repro- 
cessing processes involving spent fuel and group separa- 
tion involving high level radioactive waste. The equipment 
and instruments have been designed taking into account 
earthquake resistance, shielding, containment, remote 
controllability, and maintainability. 


There are three concrete cell units located on the first floor 
of the Lab B Building, a receiving cell, a process cell, and 
a chemistry cell. 


In Table 4, we list the main specifications of those cells. 











Table 4. Main Specifications 
Receiving Cell Process Cell (Aipha-Gamma Cell) Chemistry Cell 
(Beta-Gamma Cell) (Alpha-Gamma Cell) 
Purpose —Receiving and temporary —Test reprocessing processes —Test dissolution of highly reac- 
storage of spent fuel with spent fuel tive spent fuel on limited scale 
—Scal liquid waste in canisters —Test group separation with 
HLLW 





Max. operating level (allowable Burnup: 45,000 MWd/t 


Burnup: 45,000 MWd/t Burnup: 72,000 MWd/t 





























limits) Cooling: | yr. SSSTBq (15,000Ci) | Cooling: 1 yr. 92STBq (25,000Ci) | Cooling: | yr. 74TBq (2000Ci) 
Inner dimensions (m) (width/ 4.5 x 3.0x 5.0 12.0 x 3.0 x 5.5 (one part - 6.3) 3.0 x 3.0x 5.0 
depth/height) 
Airtightness N/A Air leakage: Less than 0.1 Vol%/hour (-30mmAq) 
Negative pressure Normal 15-30 columns 
Main equipment 2 4 1 
—Shielding windows 4 4a 2 
—MS manipulators 1 1 =~ 
—Power manipulators 1 1 i 
—tIn-cell cranes ! 2 1 
—In-celi monitors Ceiling port, ceiling hatch Ceiling port and hatch, and Ceiling port, liquid waste port 
—Other equipment HLLW unloading port 
The auxiliary equipment in the cell unit includes an exposure during maintenance, a sampling box for taking 
isolated maintenance room and air-lined suits (frogman § samples along the side of the cell, and a maintenance box 


suit) at the back of the cell to protect against internal 


for performing maintenance on machinery on the ceiling. 
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ii) Glovebox 


The gloveboxes contain a variety of equipment and instru- 
ments for doing research involving the handling of small 
quantities of spent fuel and radioactive materials con- 
taining TRU elements. This research includes the testing 
of reprocessing processes involving spent fuel, group sep- 
aration tests, continuous fundamental chemistry experi- 
ments, TRU waste experiments, and process criticality 
safety experiments. The equipment in the glovebox has 
been designed taking into account nuclide handling, earth- 
quake resistance, containment, shielding, operability, and 
maintainability appropriate to the quantity of nuclides 
handled and the test range. There are a total of 28 
gloveboxes located in labs on the first and second floors of 
the Lab B Building and the second floor of Lab A Building 
(cf. Figure 17). 


The glovebox is a stainless steel box with air leakage below 
0.1 vol%/hour (tested at -30mmAq neg pressure), and has 
a capacity ranging from 1.5 m’ to 10 m* depending on the 
aim of the test. 


The gloves along the control wall are attached to meth- 
acrylic resin plates. Leaded acrylics and lead-shielded 
materials are also used when needed. 


iii) Reprocessing Process Test Equipment 


‘ 


~ 
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This equipment is installed in the process cell and is used 
to dissolve single 1.5 kg batches of chopped low-enriched 
uranium fuel at the rate of 3 kg per year for research on 
advanced reprocessing. 


The main equipment and test aims of that equipment are 
outlined below (cf. Figure 18). 


1. Preprocessing Processes 


To do research on iodine reduction and preprocessing 
processes, we plan to analyze the dissolution characteris- 
tics, undissolved residue characteristics, and off-gas com- 
position of spent fuel when dissolved by a continuous-type 
dissolving tank (2.5lit) employing rotating buckets, and in 
addition perform tests in which iodine is purged from a 
dissolving solution by an iodine purging tank (6. 5lit), and, 
finally, tests in which iodine is collected by an adsorbent in 
a column filled with silver silica located in the glovebox 
near the cell unit. 


2. Extraction Processes 


To do research to reduce the amount of waste generated in 
reprocessing with regard to integrated group separation 
process and free-plutonium salt reduction process, we will 
install four pulse columns (inner diameter: 2.8 cm; height: 
3 m) and perform tests to separate plutonium, neptunium, 
and uranium. 


. rT € _ A 
Figure 18. Electrolytic Reduction Mixer-settler Used in Testing Reprocessing Processes 
(diluent washer, solvent washer, pumps, valves, etc.) 
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Figure 19. Main Systems Used in Testing Reprocessing Processes 





3. Evaporation and Enrichment Processes 


To do research on liquid recycling processes for reducing 
the amount of waste generated, we will install a solvent 
scrubber, electrolytic tank, high-level waste evaporator, 
and fractionating column. 


Figure 19 is a schematic drawing showing the main equip- 
ment of the test equipment used for reprocessing pro- 
cesses. 


4. Group Separation Test Equipment 


To research ways to separate the elements contained in 
high-level liquid waste (HLLW) by groups, we will use the 
group separation test equipment installed in the process 
cell to see if we can separate rare earth elements, ameri- 
cium, etc. from high level liquid waste or process test waste 
taken from reprocessing tests using a denitration settling 
tank (6lit) with formic and oxalic acids added. We will 
then dissolve the settled matter in a sediment-filtering 
dissolving tank with nitric acid. After denitration, the rare 
and transuranic elements are extracted and separated from 


the liquid waste by an extractant such as diisodecyl phos- 
phoric acid (DIDPA) in a mixer-settler (16 stage; lit). 


The filtrate separated by oxalic acid settling and the 
technetium contained in the raffinate after extraction, 
meanwhile, will be adsorbed by an active charcoal filter. 
An ion exchange separation test will be done to see if 
strontium and cesium can be separated and adsorbed from 
the liquid waste using an inorganic ion exchanger. 


5. Fundamental Chemistry Experiment Equipment 


This is equipment installed in the chemical cell, glove- 
boxes, and hoods that is used to perform basic lab tests 
(beaker scale) on solution chemistry using mixed spent fuel 
(including irradiated spent fuel) and TRU solutions. 


In the spent fuel tests, researchers will dissolve gram units 
of high-burnup fuel and mixed uranium-plutonium oxide 
fuel (MOX) in the chemistry cell, and using a glovebox, 
will analyze and measure the interrelationship between the 
burnup of those fuels and the existence of isotopes of 
various types of elements, and changing the dissolving 
conditions, will analyze and measure the composition, 
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properties, and off-gas composition of the undissolved 
residue, and nuclides affixed to the hulls. In addition, 
researchers will use mixer-settlers (16-stage; lit) to test the 
separation of actinoids by oxidation reduction in condi- 
tions in which neptunium and plutonium are both present. 
Tests will also include using a chemical reaction tank to 
test complex reactions between plutonium and iransuranic 
elements. 


6. Process Criticality Safety Experiment 


This is equipment installed in the glovebox that consists of 
alpha-chemistry equipment for testing the chemical 
behavior and characteristics of plutonium as it pertains to 
criticality safety in nuclear fuel reprocessing processes, and 
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also equipment for testing hot analysis instruments for 
developing in-line analysis and measurement methods for 
uranium and plutonium. 


After tests are done to analyze plutonium behavior under 
abnormal conditions in an extraction process involving a 
mixer-settler, and the valences of plutonium nitrate are 
adjusted, the alpha-chemistry equipment is used to per- 
Cee 0 weskety  entemnanen Coehy teen Gpany 
which include using jacketed beakers to ascertain sediment 

production, radioanalysis, and heterogeneity of solutions. 


The hot analysis instrument test equipment is used to test 
the follow-up characteristics and stability of urany! nitrate 
and plutonium nitrate solutions (approx. 20lit) relative to 
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Figure 20. TRU Waste Barrier Performance Test Equipment (central upper column is filled with natural barrier 
materials such as soil and rocks) 
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transient fluctuations in the flow rate and concentrations 
of the solutions as parameters for the purpose of devel- 
oping an in-line alpha monitoring technology. 


7. Research Equipment Concerned with Safe Management 
of TRU Waste 


(1) TRU Waste Experiment Equipment 


This equipment is installed in gloveboxes and used to 
perform research on TRU waste reduction and to assess 
safety during treatment and disposal. Here, researchers 
measure the physical properties and leaching characteris- 
tics of vitrified ceramic and hydrothermally hardened 
waste containing TRU nuclides (2c:mDx2cmH) using TRU 
waste solidification equipment consisting of a ceramifica- 
tion hot press (max. 1500°C, 500 kg/cm’) and hydro- 
thermal vitrification hot press. 


To evaluate how well different elements perform as bar- 
riers to TRU waste, researchers will inject test solutions 
containing TRU nuclides in columns filled with concrete, 
rock, and soil, and use the barrier performance equipment 
to ascertain the adsorption and migration characteristics 
of TRU nuclides and try to come up with ways to prevent 
that migration (cf. Figure 20). 


(2) TRU Waste Measuring Equipment 


The aim with this equipment is to develop a technology for 
measuring and inspecting solid TRU waste that will be 
useful in terms of both cost and safety for developing a 
rational TRU waste disposal system. The activities that 
take place here include emission-type computed tomog- 
raphy which measures the quantity and distribution of 
gamma nuclides in solid waste, transmission-type com- 
puted tomography which measures the density and distri- 
bution of voids in solid waste, passive measurements 
which measure neutrons from TRU nuclides in solid 
waste, and active measurements in which solid waste is 
irradiated with neutrons from outside and the neutrons 
involved in fission reactions are measured (cf. Figure 21). 


The emission-type CT and transmission-type CT are each 
configured with gamma spectrometers, solid waste scan- 
ners, system control and data processing computers, and 
Co radiation sources that enable it to handle up to one ton 
of 200-lit-size drums of solid waste, and output that data in 
either two-dimensional or three-dimensional images. 


The passive and active neutron instrumentation is made 
up of a neutron measuring system, which deploys *He 
detectors, measurement pulses and D-T neutron genera- 
tors, and system control and data processing computers. 


(7) Assay Facility 


The assay facility consists of four assay labs (I-IV), each of 
which is equipped with gloveboxes, assay equipment, and 
hoods. The first assay lab is dedicated exclusively to the 
reactor facilities and is where samples pertaining to those 
facilities are assayed. The other three assay labs are 
designed to serve both reactor facilities and fuel use 
facilities and is a place where samples from both facilities 
can be assayed. 
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Figure 21. Active Neutron Measuring Device in TRU 
Waste Measuring Facility 





The equipment selected for the dual-purpose assay labs has 
more versatility in terms of uses than that needed in the 
fuel use labs. 


With that equipment, researchers will assay samples cor- 
responding to specific research objectives related to the 
operation of the reactor facilities including process man- 
agement, weight control of nuclear material in the facili- 
ties, and acquisition of critical experiment data, as well as 
assay samples pertaining to experimental research in the 
fuel use facilities. Since the assay samples in those labs, 
unlike ordinary assay labs, will be radioactive materials, 
most of the assays will be done with protected gloves using 
equipment installed in the glovebox. 
ii) Configuration of Facility 
The assay facility is configured with the following systems 
and instruments: 
1. Assay sample receivers (7) 
2. Preprocessor (1) 
3. Assay conveyer (1) 
4. Postprocessor (1) 
5. Assay instruments 

—Used for reactor facilities (8) 


—Used for fuel use facilities (9) 
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Figure 22. Layout of Assay Facility Equipment 
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Table 5. List of Main Assay Instruments 
(reactor facility assay lab) 





Assay Instrument 


Main Applications 





Preprocessor 





Open/seal vials, measure density. 


dilute assay samples, and manage 
assay sample data 





Automatic titrator 


Measure U. Pu, and nitric acid concen- 
trations, and regulate reagents, etc. 





Hybrid K-Edge densitometer 


Measure U. Pu concentrations 








Spectrophotometer Measure minute U, Pu, and impurity 
concentrations, etc. 
Infrared spectrophotometer Measure TBP and TBP dissolvents, 


and oil content in water phase 





Gamma spectrometer 


Measure gamma radiation concentration 





List of Main Assay Instruments 


(dual-purpose assay lab) 





Assay Instrument 


Main Applications 





Automatic titrator 


Measure U, Pu, and nitric acid con- 
centrations, etc. 





Infrared spectrophotometer 


Measure minute element concentrations 





6. Gloveboxes (138) 
7. Hoods (5) 


In Figures 22 and 23, we show a layout drawing of the 
equipment in the assay facility and assay labs, and in 
Figure 23, we show a photograph of Assay Lab I, and in 
Table 5, we list the main assay instruments and their uses. 





Mass spectrometer 


Measure U, Pu isotope composition 





ICP spectrophotometer 


Measure impurity, poison concentrations 





Gamma-ray spectrometer 


Measure FP nuclides 





Alpha-ray spectrometer 


Measure TRU nuclides 





211 gas flow counter 


Measure alpha, beta radiation con- 
centrations 





Liquid scintillation counter =| 





Measure tritium concentration, etc. 








Figure 23. Assay Lab (1) 
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iii) Basic Approach to Assay Work 
1. Assay Samples 


Since there is no replenishment of fuel from outside the 
facility once initial fuel is received by the reactor facility, it 
is essential that as small a sample as possible be taken in 
order to avoid unnecessary consumption of fuel, and also 
it is important in terms of facility operation to cut down 
the amount of assay residue and liquid waste generated. To 
accomplish this, researchers, instead of extracting samples 
for each assay item, will select the applicable assay method 
and assay instrument, according to the desired assay item, 
and properties of the sample and will apportion small 
amounts of the sample needed beforehand to canisters 
used with each assay instrument. A preprocessor has been 
installed to centralize that work. 


In the dual-purpose assay labs, we have decided from a 
management point of view to handle only those assay 
samples that the treatment (separation, purification, etc.) 
requires. 


2. Quality Control of Assay Data 


To control the quality of assay data, researchers will 
periodically measure standard working samples for each 
assay instrument or a daily, weekly, or monthly basis. 


To control the quality of assay data pertaining to weight 
control, researchers will measure standard samples and 
actual samples a number of times each. 


3. Treatment of Assay Liquid Waste 


It is difficult to return the liquid waste generated by the 
assay facility to the process, so whenever possible it will be 
treated and converted into solid waste after the assay work 
is finished. The liquid titrant waste, in particular, which 
requires reagent additives. will be neutralized and hydro- 
thermally hardened into soiid waste using special-purpose 
liquid waste hardening equipment in the glovebox. 


The assay sample residues which contain a relatively high 
concentration of nuclear material will be returned to the 
process, but the liquid waste which contains a high con- 
centration of nuclear material will be temporarily placed in 
special storage tanks, after which the nuclear material will 
be recovered. The treatable liquid waste in the liquid waste 
treatment plant will be temporarily stored in storage tanks, 
after which it will be sent to be treated as the situation 
demands. Postprocessors consisting of various tanks tai- 
lored to either the properties of the solution or purpose of 
use have been installed for that purpose. 


iv) Overview of Main Systems and Instruments 
1. Assay Sample Receiver'*? 


In order to convey assay samples from reactor facilities to 
the assay labs, we have installed an assay sample receiver 
(pneumatic carrier) that links the various sampling sta- 
tions with the No. | assay lab by pneumatic tubes. The 
assay samples from areas which cannot use the pneumatic 
carrier are transported to the assay lab by hand-held 
containers. 


The assay sample is collected in 10-ml polyethylene assay 
vials, sealed in waterproof assay canisters, and conveyed to 
the assay lab through pneumatic tubes by a vacuum suction 
method. Assay receiving equipment is installed at each 
sampling station. The assay receiving equipment is designed 
so that the cap of the assay canister is removed automati- 
cally, so all that a worker has to do is use a forceps-like tool 
to remove the sample from the canister, thereby preventing 
contamination of the canister or pneumatic tube. 


In order to simplify pneumatic tube routing, bi-directional 
change-over switches have been installed at every junction 
along the way between the assay labs and receiving stations 
which sequentially connect the labs with the receiving 
stations. The farthest distance is 1 30 meters and the closest 
25 meters. The fastest speed for transporting an assay 
canister from the assay lab to a sampling station is about 
one minute. 


The assay canisters are reused continuously, so a number 
of studies have been done on the canisters and the areas 
where they make contact with the pneumatic tubes in 
order to learn more about wear resistance and the noise 
produced when the canisters are conveyed through the 
tubes. As a result of those studies, the assay canisters now 
used can last up to several months. 


2. Assay Conveyer 


This system is used to transport itemized assay samples and 
assay liquid waste between the gloveboxes installed in the 
No. | Assay Lab, and is capable of transporting assay 
canisters up to 500 mi in capacity. All operations are 
performed automatically with the exception of loading, 
removal, and destination selection. To facilitate removal of 
the assay canister, an arm which holds the canister extends 
to approximately 15 cm toward the inside of the glovebox. 


3. Assay Instruments 


The assay facility, as we see in Table 1, contains a variety 
of assay instruments. Additional space is also put aside in 
the No. | Assay Lab for assay instruments that will be 
needed in Phase II of the program. The plan for Phase II 
calls for the installation of a constant-potential coulometer 
and gamma spectrometer, the main instruments used in 
plutonium assays, and also other assay instruments for 
assay technology R&D. 


Here, we will discuss the hybrid-type K-edge densitometer 
which has generated a lot of interest recently as a new 
safeguard-related assayer. 


The hybrid-type K-edge densitometer is a non-destructive 
type assayer which combines a K-edge densitometer which 
measures the amount of X-rays absorbed at the element K 
absorption edge, and a fluorescent X-ray spectroscope 
which gives the ratio of elements by measuring character- 
istic X-ray intensity. 

The advantages of the hybrid densitometer in terms of 
assaying is that it is able to assay either simple or mixed 
solutions without having to separate and purify uranium 
and plutonium, and it is also capable of measuring the 
respective concentration of elements in a short period of 
time with a relatively high degree of accuracy.'” 
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Under a research cooperation agreement betwee:.: JAERI 
and the DOE, NUCEF is planning to perform a variety of 
experiments and other activities to determine how effec- 
tive the hybrid densitometer is at measuring nuclear mate- 
rials, and for that reason NUCEF is planning to use the 
K-edge densitometer in process management assays with 
the primary aim being to see if the device can be used for 
weight control assays. This system was designed and built 
at the Los Alamos National Laboratory and brought to 
NUCEF in January of this year where it was installed and 
made ready for operation. 


This hybrid densitometer has been designed to serve both 
the facilities in which it is used and the inspectors in charge 
of safeguard inspections. It is equipped with software 
which has features that serve not only the needs of the 
facility but also gives inspectors what they demand such as 
alarms to signal the presence of Am, Th, and Np, as well as 
comparisons of what the facility reported against actual 
measurements. Those added features are the reason why it 
took so much longer to get the software ready than it did to 
build the actual hardware, and why so much time and work 
went into the effort. 


The main features of the hardware in this system are 
described as follows: 


A. The samples to be measured contain low density fission 
products, so measurements can be done by either fluores- 
cent X-ray or K absorption in one measurement cell. 


B. An automatic sample changer enables six samples to be 
continuously measured automatically. 


C. The use of measurement cells with 2-cm and 4-cm 
optical path lengths enables low density samples to be 
measured without any loss of accuracy. The use of glass 
cells enables the cells to be reused. 


D. In order to make it easier to check system operations, it 
has been designed so that samples can also be sent outside 
the airtight environment of the glovebox. 


In a performance review given at the Los Alamos National 
Laboratory, the hybrid densitometer performed as well as 
in the area of weight control, achieving +/- 0.2 percent 
accuracy on 50-300 g/lit uranium solutions. 


Figure 24 is a photograph showing an external view of the 
hybrid-type K-edge densitometer. 


(8) Waste Facility 
i) Facility Overview 


This facility is used to manage the various types of 
radioactive waste produced within the NUCEF facility. It 
consists of an off-gas treatment plant, a liquid waste 
treatment plant, and a solid waste treatment plant. The 
liquid and solid radioactive wastes which are treatable 
(according to the properties therein) are treated and placed 
in a storage facility. The remaining waste that is not 
treatable is stored within the facility. 


1. Off-Gas Treatment Plant 
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24. Hybrid-Type K-Edge Densitometer 





This plant, which treats radioactive gaseous waste, releases 
that waste into the atmosphere at strictly regulated emis- 
sion levels. That waste is also treated so that the emission 
of NO, into the atmosphere is kept at levels sufficiently 
below emission standards. 


The main nuclides and chemical substances treated by this 
plant are listed as follows: 


'3']__senerated by transient critical facility 
*5K—-generated by transient critical facility 
Pu—generated by Pu handling facility 
NO,—generated by nuclear fuel preparation facility 


JAERI wants to keep the emission of these substances 
below targeted levels from the point of view of limiting 
radiation exposure to the public, and at the same time to 
keep exposure to the lowest possible level in the spirit of 
ALARA. This plant, for that reason, is equipped with a 
four-stage high-efficiency filter (HEPA) capable of 
removing particles at the rate of DF = 10°, and also a 
one-stage iodine filter (Ag-S type) capable of removing 
iodine at the rate of DF = 10. 


Figure 25 is a schematic flow diagram of that plant. 
2. Liquid Waste Treatment Plant 


This plant receives various types of radioactive liquid 
waste that is sorted according to the system where it was 
generated, its type, form, and level of radioactivity, and 
‘reats and stores that waste in the following manner as 


(1) The liquid waste containing acid from the nuclear fuel 
manufacturing facility is subjected to evaporation, enrich- 
ment, and acid recovery treatments. What we try to do 
here is reduce the volume of waste. recycle the recovered 
acid, and reduce the quantity of liquid waste. 
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Figure 25. Schematic Flow Drawing of Off-Gas Treatment Plant 





(2) The liquid waste, according to prescribed radioactivity 
levels, is either carted by truck to a treatment place within 
the facility or is discharged into a special catch drain. 
(3) Various types of liquid waste are put in storage. 


The high level liquid waste will undergo further treatment 
in the future and be solidified, and later will be kept in 
storage. 

This plant is equipped with the following processing equip- 
ment and storage tanks. 

Acid evaporator (1) 

Americium waste storage tanks (2 x 3m*) 
Enrichment liquid waste storage tanks (3 x 6m’) 
Organic liquid waste storage tanks (A) (2 x 10m’) 
High level liquid waste storage tanks (2 x 1m°*) 
Medium level liquid waste storage tanks (2 x 2.5m’) 
Low level liquid waste storage tanks (2 x 10m”°) 
Very low level liquid waste storage tanks (2 x 40m*) 
Organic liquid waste storage tanks (B) (2 x 2m’) 
Organic liquid waste storage tanks (I) (2 x 1m’) 
Organic liquid waste storage tank (II) (1 x 1m’) 


3. Solid Waste Treatment Plant 


This plant measures the surface dose rate and the amount 
of uranium and plutonium in primary packaged solid 
radioactive waste ai the place where it is generated, then it 
does a secondary packaging for purposes of shipping and 


storage, and then either ships that waste to a treatment 
place within the facility or puts it in storage. 

This plant contains the following equipment and 
machinery: 

¢ Sealing machine 

e Waste NDA (non-destruction assay) assayer 

* Alpha solid waste storage facility 

¢ Beta-gamma solid waste temporary storage facility 
3. Permits and Inspections 

(1) Legal Classification of Facility 


The facilities discussed above that are assigned the task of 
Carrying out the three main research objectives at NUCEF 


the type of facility it is or the methods used. 


In specific terms, as Figure 26 shows, the two critical 
experiment facilities which do research on criticality safety 
(STACY and TRACY) are classified 2s “reactor facilities” 
because critical states are attained. The liquid fuel storage 
facility and the U or Pu nitrate-water solution fuel manu- 
facturing facilities, which require similar conditions as the 
critical experiment facilities, are classified as “reactor 
facilities” because they are basically inseparable from the 
critical experiment facilities. Each of the above facilities is 
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reprocessi 
and the TRU waste and TRU waste measurement facili- 
ties, which do research on safe management of TRU waste, 


are all classified as “nuclear fuel material use facilities,” 
and are regulated as “backend research facilities” in terms 
of modification approvals or facility inspections. 


Meanwhile, the Lab A and Lab B Buildings in which these 
facilities are maintained, buildings and structures such as 
stacks, the internal and external radiation control plants, 
the assay labs which perform the chemical assays of 
samples taken from storage tanks in facilities in order to 
verify the properties of fuel fed to critical facilities and 
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verify the properties of fuel at the fuel manufacturi 
facility and within the backend research facility, the off- 
gas, liquid, and solid radioactive waste treatment plants, 
and the various electric, compressed air, demineralized 
water, and steam utility plants are not classified as either 
one of these types of facilities, but are rather classified as 
dual-use facilities. For that reason, these facilities are 
doubly regulated as a reactor facility and as a fuel use 
facility. The above classifications are based on the Nuclear 
Reactor Law, but NUCEF also has plants and equipment 
that fall under the “Law Concerning the Prevention of 
Radiation Injury by Radioactive Isotopes” and the 
“Industrial Safety and Health Law on Prevention of Ion- 
izing Radiation lujury.” The equipment regulated under 
those laws include the neutron line source (Am-Be) used to 
start the critical experiment facilities that are used to do 
research on criticality safety, the pulse-neutron generator 
used to measure the core characteristics of the STACY and 
TRACY facilities, the pulse-neutron generator used for 
making non-destructive measurements at the TRU waste 
measurement facility, and sealed line sources such as the 
60Co line source and the X-ray generator used in the assay 
facility. Besides these, there is also equipment which use 
unsealed radioisotopes such as americium for experiments 
at facilities where nuclear fuel is used. 


(2) Basic Design 


Of the reactor facilities, the STACY facility is scheduled to 
perform experiments based on homogeneous cores fueled 
with solutions of uranyl nitrate-water or mixed uranium 
and plutonium nitrate-water, as well as experiments based 
on heterogeneous cores fueled with rod-shaped fuel that is 
almost identical with PWR fuel but longer, and solutions 


of uranyl nitrate-water. 


The TRACY facility, meanwhile, is scheduled to perform 
experiments based on homogencous cores fueled with 
solutions of uranyl nitrate and water. 


In coming up with a basic design of the reactor facilities 
based on the aforementioned uses of the facilities, design 
engineers turned to various guidelines put out by the Japan 
Atomic Energy Commission pertaining to existing critical 
experiment facilities and research reactors. This included 
“safety design review guidelines for light water power 
reactor facilities” and “safety assessment guidelines for 
light water power reactors.” Using those guidelines, design 
engineers drew up safety designs and made safety assess- 
ments based on the possibility of a reactor emergency 
caused by abnormal levels of reactivity. Though the 
STACY and TRACY facilities are considered reactor 
facilities, design engineers also referred to guidelines on 
safety reviews of nuclear fuel facilities (basic guidelines on 
nuclear fuel facility safety reviews) on account of the fact 
that these facilities use liquid fuel. They then went ahead 
with safety designs that sought among other things to 
prevent critical events from occurring due to migration of 
liquid fuel solutions to places outside the core, to reduce 
the amount of released radioactive material such as ura- 
nium and plutonium, and to prevent leakage of the liquid 
fuel. 
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The basic design of facilities which use nuclear fuel was 
done so as to satisfy the same basic guidelines for safety 
reviews used in existing facilities which use nuclear fuel. 


(3) Reactor Facility, and Nuclear Fuel Use Facility Permits 


In August 1987, we applied for permission to make 
changes in the reactor facility at the JAERI Tokai Research 
Establishment based on the basic design described above, 
and in October 1988, after passing a first safety review 
given by the Science and Technology Agency and a second 
safety review by the Nuclear Safety Commission, we 
received permission to make the desired changes. 


Likewise, in August 1988, we sought approval to make 
changes in the basic design of how nuclear fuel material is 
used at a nuclear fuel material facility at the Tokai 
Research Establishment, and in February 1988, after 
passing a safety review given by the Science and Tech- 
nology Agency, we received permission to make those 
changes. 


(4) Detailed Design 


The STACY and TRACY facilities, unlike existing critical 
experiment facilities and research reactors, use nitrate 
solutions of uranium and plutonium. This is so in addition 
to special fuel manufacturing facilities used to dissolve, 
chemically regulate and purify uranium and plutonium 
oxide fuel from inside and outside the laboratory, these 
facilities also require storage tanks to store the unused 
liquid fuel, and pumps and so forth to transport the fuel to 
the storage tanks. 


Moreover, to be able to modify the conditions of the 
critical experiments, the facilities had to be designed so 
that the uranium and plutonium content in the liquid fuel, 
uranium enrichment, nitric acid content and soluble poi- 
sons can be modified by the fuel manufacturing facility, 
+ = so that core tanks of different shapes and sizes can 


Therefore, in preparing the detailed designs of the STACY 
and TRACY facilities, design engineers based their designs 
on the “regulations governing the installation and opera- 
tion of nuclear reactors used for experimental research,” 
the “PMO (Prime Minister Office) ordinance governing 
the technical standards of design and construction 
methods used in nuclear reactors for experiment 
research,” the “PMO ordinance governing the technical 
standards of welding in nuclear reactors used for experi- 
mental research,” “regulations governing the use of 
nuclear fuel material,” and the “PMO ordinance gov- 
erning the technical standards of welding in processing 
facilities, reprocessing facilities, designated waste manage- 
ment facilities, and facilities which use nuclear fuel,” and 
in so doing have adopted the following approach: 


1. In designing the storage tanks and equipment that 
houses uranium and plutonium nitrate solutions, as well as 


the equipment in which the possibility of fuel migration 
exists due to malfunction, the following measures were 
taken to achieve criticality safety auton in facilities other 
than the reactor that will prevent criticality from being 
reached under any set of hypothetical circumstances: 
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restricting shape and size of equipment, ensuring proper 
distance between equipment, and installing neutron sepa- 
rators to prevent criticality from being achieved irrespec- 
tive of plutonium content. 


2. The spread of nuclear materials is prevented by the 
following steps: placing the main storage tanks, equipment, 
and facilities which house the fuel solutions in places with 
adequate containment capabilities; placing equipment and 
piping having non-welded connections such as sliding 
parts inside the gloveboxes; and maintaining a large nega- 
tive pressure in the labs, gloveboxes, and storage tanks. 
The amount of radioactive material released into the 
environment outside the facility will be controlled by 
releasing the vent gases from the storage tanks and the 
vented air from the gloveboxes and labs through a stack via 
a multi-stage high-efficiency air filter (HEPA). 


3. To prevent leakage of radioactive materials due to 
corrosion of equipment and lines containing liquid fuel or 
other radioactive materials, the following measures were 
taken: use corrosion-resistant materials, and except for 
equipment which requires detachability for replacement 
purposes, use butt welding as much as possible for welded 
joints so as to eliminate gaps in the welds and prevent a 
leak from spreading during an emergency, and use ample 
sized drip plates. 


(5) Applying for Design and Construction Method 
Approval 


The STACY facility is planning to perform not only 
homogeneous and heterogeneous experiments involving 
liquid uranyl nitrate fuel but also homogeneous experi- 
ments involving liquid plutonium nitrate fuel. Those 
experiments, however, are not expected to take place until 
three years following the uranium experiments. 


For that reason, the entire application for “approval of 
design and construction methods” has been divided into 
the followiig three major areas, and those are divided 
according to when equipment will be manufactured, 
installed, etc. 


1. Uranium-Based Homogeneous Related Facilities (Seven 
Applications) 


This includes the buildings, structures, and utility plants 
needed to ensure the safety of uranium-based 

neous experiments, the fuel manufacturing facilities 
needed to manufacture and store uranium fuel, some of the 
storage facilities, the beta-gamma waste management 
facility, and one core tank. 


2. Uranium-Based Heterogeneous Experiment Facilities 
(One Application) 


This application covers the rod-shaped fuel and one core 
tank. 


3. Plutonium-Related Facilities (Two Applications) 


This includes the fuel manufacturing facility and storage 
facilities required to manufacture and store plutonium 
fuel, and the alpha waste management facility. 





JPRS-JST-95-007 
31 January 1995 


Since the first application was filed in March 1989 on 
uranium-based homogenous facilities, approval has been 
granted on each application. Several applications are 
scheduled to be filed on plutonium-based facilities. 


(6) Pre-Operation Inspections and Facility Inspections 


The fact that the fuel used by the STACY and TRACY 
facilities is in solution form and the added fact that that 
fuel is corrosive have added the following items to those 
already covered in pre-operation inspections of existing 
critical facilities and test research reactors. 


1. Inspection of dimensions, layout, and distance between 
equipment and piping with a view toward preventing 
critical states being reached. 


2. Material inspections and non-destructive inspection of 
narrow tubing not covered in the welding inspection laws 
prescribed in Article 28 No. 2 of the Nuclear Reactor Law 
regarding existing nuclear reactor facilities. 


3. The pumps and storage tanks which supply liquid fuel to 
the core are added to a range of equipment limited to core 
structures and reactor vessels and so forth treated as pri- 
mary equipment in existing nuclear reactor facilities. 


That is the reason why these facilities need to be inspected 
more often than existing critical facilities and test research 
reactors. 


The inspection of the fuel use facilities was done the same 
way as other such facilities of its kind, that is, with an eye 
toward preventing nuclear material from reaching a crit- 
ical state and the containment and shielding of radioactive 
material such as in the airtightness of the alpha-gamma 
cells and gloveboxes. 


(7) Future Plans 


The facility has completed those inspections required by 
law concerning the assembly of equipment and it is cur- 
rently undergoing performance-related inspections. 


Hot tests are scheduled to begin after authorization is 
given on the nuclear fuel use facility and radioisotope use 
facility. 

In 1994, the STACY facility is scheduled to go critical for 
the first time as part of the inspection as a nuclear reactor 
facility. 

4. Safeguard Measures 


(1) Nuclear Material Use and Material Balance Areas in 
NUCEF 


The nuclear material used at NUCEF may differ widely in 
terms of chemical and physical makeup. and amount of 
material used, which can be from a few grams to several 
ea Cane en ea cane” en 


Therefore, to manage these materials more effectively, 
NUCEF has set up two material balance areas (MBA). The 
first of these is the solution critical facility (SCF) which 
handles large quantities of low enriched uranium and 
plutonium, and the other is the backend research facility 
(BRF) which handles the same materials but in smaller and 
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more diverse proportions. The SCF was designed as an 
independent bulk single material balance area, and the 
BRF a similar fuel handling material balance area. The 
SCF is the nuclear material handling area within the 
STACY and TRACY facilities, which are classified as 
reactor facilities by Japanese law, and the BRF is the 
nuclear material handling area within BECKY, which is a 
fuel use facility. The BRF uses the same nuclear material 
management system as ordinary R&D facilities, so in this 
paper, we will summarize the safeguards taken at the SCF 
when more than significant quantities (SQ) of plutonium 
are used in bulk. 


(2) Nuclear Material Management at SCF 


In Table 6 and Figure 27, we show the projected use of 
nuclear material and the flow of materials, respectively, in 
the SCF. The primary facilities which use the nuclear 
material at the SCF are the two critical experiment facili- 
ties and the nuclear fuel manufacturing facility. The first 
feature of nuclear material management at the SCF is that 
unlike reprocessing plants or nuclear fuel processing 
plants, there is no throughput once the initial nuclear 
material is received because it is recycled within the 
facility. The second feature is that since there are no fixed 
operating modes within the nuclear fuel manufacturing 
facility, fuel conditions in critical experiments cover a 
wide range of nuclear material concentrations and compo- 
sitions. Another feature is that startup and shutdown of 
both the critical experiment facilities and nuclear fuel 
manufacturing facility are done daily. These three charac- 
teristics of nuclear material management at the SCF form 
the basic weight management system for ascertaining 
inventories of nuclear material within the facility. The easy 
startup and shutdown of the facilities enables plutonium 
inventories to be counted once a month (intermediate 
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inventory), the timeliness of which is important from a 
safeguard point of view. 





Table 6. Projected Use of Nuclear Material in SCF 



































Receiving: 

12% enriched UO? pellets (raw material for 340 kg LEU 
liquid fuel) 

1.5% enriched UO? fuel rods (raw material 310 kg LEU 
for liquid fuel) 

5% enriched UO? fuel rods 400 kg LEU 
Mixed uranium-plutonium oxide (raw mate- 60 kg Pu + 90 kg 
rial for liquid fuel) NU 
Inventory: 

10% enriched uranyl nitrate-water solution 150 kg LEU 
6% enriched urany! nitrate-water solution $00 kg LEU 
Uranium (natural) nitrate-water solution 90 kg NU 
5% enriched urany! nitrate fuel rods 400 kg LEU 
Plutonium nitrate-water solution 60 kg Pu 








(3) Inventory Measurement 


The low enriched uranium in use at the SCF is less than | 
SQ in total volume, and once a year a cleanout is done in 
which it is collected in special metered storage tanks that 
can weigh and measure the volume and concentration of 
the fuel solutions. The low enriched plutonium, mean- 
while, is less than 7 SQ in total volume, and it is trans- 
ferred (not cleaned out) to several specially designated 
metered storage tanks once a month where the solutions 
are weighed and measured in the same way as the uranium. 
In order to minimize the amount of solution left behind in 
the tanks, we have set the place where the fuel solution is 
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Figure 27. Flow of Nuclear Material in SCF 
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sucked out the tank at the lowest possible place and created 
gradients in the pipelines. In Figure 28, we show a photo- 
graph of the tank used to weigh plutonium. 





Z . 4 *., 
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Figure 28. Annular Weighing Tank for Plutonium Solu- 
tions (an outer casing will be installed later where the 
dip tubes and solution agitation tubes are attached to 

the outer surface of the tank) 





Uranium and plutonium concentration are measured with 
a hybrid-type K-edge densitometer. This device has 
already been discussed in the section on the assay facility. 


(4) Method of Measuring Volume of Solutions 


Reprocessing facilities in Great Britain are experimenting 
with a method of measuring solutions by weight by placing 
a load cell in newer tanks, but the use of such a method in 
Japan is more difficult because Japan is more earthquake 
prone, so what we have adopted in the SCF is level gauge 
method based which integrates dip tubes with a quartz- 
oscillating sensor-type high precision level gauge. The 
working air used to measure differential pressure at the end 
of the dip tubes is heated in order to prevent crystallization 
from taking place. The end of the dip tubes has a knife-edge 
shape so that desorption of the air valves can be stabilized. 


(5) Storage Tank Calibration and Heel Measurement 


The volume of solution during weighing is calculated from 
the calibration curve formed from the pressure measure- 
ment to the calculated level of the liquid, so it is necessary 
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to prepare calibration curves beforehand for each respec- 
tive metered tank. In doing the initial calibration of the 
metered storage tanks at the SCF, we measured the solu- 
tions by the gravimetric method using demineralized water 
right after the tanks were manufactured at the factory, and 
then we measured the amount of untransferable solution 
(heel) remaining at the bottom of the tanks to get an idea 
of the weight for all of the tanks. After the storage tanks 
were installed on site, we measured the calibration curve 
and heel for all 17 calibration tanks using demineralized 
water to achieve working estimates for weight. As can be 
seen from the graph in Figure 29, the measurements taken 
at the factory and the calibration curve calculated after site 
installation agree quite well with each other. 
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Figure 29. Calibration Data on Weighing Tank (580 lit) 





Design engineers with experience at domestic and overseas 
facilities say it is necessary to periodically check this calibra- 
tion curve. Therefore, the SCF has been designed so that the 
metered tanks used at PIT, in particular, can be inspected 
(recalibrated) without the liquid waste being discharged. 


In Figure 30, we show the flow during recalibration. This is 
a method in which the solution in one tank is pumped to 
weighing equipment in the glovebox, and, after being 
weighed, it is pumped to a tank on the other side. 


(6) Agitation Methods Used in Slab and Annular Tanks 


One of the important things in ensuring weight accuracy 
when measuring the content of solutions is verifying the 
uniformity of the liquid when sampling. 


The method generally used to agitate nuclear fuel solutions 
and radioactive solutions inside a storage tank is to purge 
the solution in the tank with air fed from air-purge lines. 
The thin slab and annular storage tanks, designed for 
criticality safety, have both been provided with air-purge 
lines at the bottom of the tanks to agitate the solution. The 
problem with the air-purge method, however, is that it 
leaves portions of the solution at the bottom of the tank 
unchurned when, for example, as shown with the slab tank 
in Figure 31, the air-purge holes are uniformly positioned 
at regular intervals. If we change the diameter of the holes 
and purge locally, however, we find in the case of the slab 
tank that we can achieve large rotating currents throughout 
and that the solution gets well churned. Therefore, we have 
opted to go with the method for the SCF storage tanks. 
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Metered Tank for Other Tanks 
Recaibration 


Figure 30. Recalibration System of Weighing Tank 





Researchers are expected to achieve the same effect using 
this method for annular tanks as well.“ In the future, we 
would like to try to collect more actual operating data and 
to find a rational air weight flow. 


























Figure 31. Agitated State in Slab Tank Produced by 
Uniformly Positioned Air-Purge Holes 





(7) Cooperation With the IAEA and the United States 


As we mentioned earlier, the schedule regarding safety 
reviews has been changed, and so we have started informal 
talks with the IAEA on safeguards at NUCEF, while at the 
same time listening to the opinions of experts in this 
country. After holding an explanatory meeting and discus- 
sion of design data, and getting an agreement on the 
methodology that had been discussed, an FA (facility 
attachment) meeting was held between the IAEA and 
Japan on the method of inspection and an FA agreement 


was reached in September of last year. The recent trend has 
been toward tougher inspections, so without any special 
exception for a facility such as NUCEF, a careful inspec- 
tion is being done on design information verification. 


NUCEF is considered to be one of the facilities covered 
under the U.S.-Japan Atomic Energy Agreement, so per- 
mission must be obtained from the United States when- 
ever plutonium and spent fuel originating from the United 
States is used in critical experiments and process experi- 
ments. Accordingly, as discussions were being held with 
the IAEA, we were explaining things to officials in the 
United States, and by February of this year, the final 
procedures had been completed. 


We would like to take this opportunity to express our 
sincere thanks to the NUCEF planning staff, the construc- 
tion staff, manufacturers and all other people which have 
taken part in constructing the NUCEF facility. 
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Future Perspectives for NUCEF Program 


94FE0636D Tokyo GENSHIRYOKU KOGYO 
in Japanese May 94 pp 57-59 


[Article by I. Takeshita, NUCEP Program Promotion Lab; 
S. Dojiri, NUCEF program Promotion Lab} 


[FBIS Translated Text] After breaking ground in June 
1989, the construction of the NUCEF facility went pretty 
much according to schedule. The facility was completed in 
June of this year. Hot test preparations started midway 
through the year; the STACY and TRACY facilities are 
expected to be critical by the end of the year. At present, 
we are putting the finishing touches on research plans, and 
looking at how to make the ideas and policies more clear 
and specific with regard to outside cooperation and utili- 
zation plans. In this section, we discuss the testing and 
operation plan, domestic and overseas cooperation and 
utilization plan for the facility, and take a glimpse at plans 
for the future. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 

















1. Testing and Operation Plan 


The STACY and TRACY facilities have completed perfor- 
mance tests as reactor facilities and are set to begin 
full-scale experiments, but as we stated in Part I, the 
STACY facility will not be used for plutonium experi- 
-ments until three years after the low enriched uranium 
experiments have started. With the TRACY facility, 
researchers say it will take some time until all the perfor- 
mance tests are complete because performance will be 
verified in stages as maximum reactivity is reached and 
there is maximum integrated output (1 x 10'*), but 
researchers nevertheless feel they will be able to obtain 
valuable data during each stage of the performance tests. 
The manufacture of nuclear fuel and chemical assays are 
indispensable to the tests and experiments performed with 
the STACY and TRACY facilities, so a plan will be needed 
to test the performance of these facilities under various 
fuel conditions. In Figure |, we show the present operation 
schedule of the facilities. 


(2) BECKY Plan 


The BECKY facility has passed inspection as a fuel use and 
RI facility and will start hot tests as soon as safety 
regulations are complete, but experiments should start by 
the latter part of this year. The experiments with the 
alpha-gamma cells, however, will not advance to experi- 
ments involving actual spent fuel and high level liquid 
waste until remote maintainability of the facility has been 
adequately demonstrated, and until uranium tests and 
other preliminary tests are done because blockages in the 
lines and other such problems may alter the efficiency of 
experiments. 


jp eanete anu Overseas Cooperation and Utilization 


The NUCEF facility is the only research facility in Japan 
that can do criticality safety research on a liquid fuel 
system, and the only comprehensive large-scale research 
facility that is able to do basic research on the nuclear fuel 
backend which encompasses reprocessing, group separa- 
tion, TRU waste management and TRU chemistry using 
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spent fuel, high level liquid waste, and TRU nuclides. The 
NUCEF facility, for that reason, is being counted on to 
operate effectively to achieve those ends, to have effective 
uses in a wide range of joint research projects with orga- 
nizations inside and outside Japan, and to help solve 
problems in those areas and train staff personnel. 


To facilitate that work, a “NUCEF program research 
committee” made up of experts and other knowledgeable 
people inside and outside JAERI was formed, and as the 
facility was being built, it conducted a study on the best 
way to facilitate domestic and overseas cooperation. In the 
subsections below, we discuss the present status and plans 
of the facility based on the results of that study. 


(1) Domestic Cooperation 


The NUCEF facility will actively promote cooperation 
based on government sponsored research, and joint 
research with universities, the PNC (Power Reactor and 
Nuclear Fuel Development Corp.), and private sector 
organizations. This research cooperation will focus prima- 
rily on JAERI research projects but will also seek to foster 
cooperation over the mid- to long-term based on the needs 
of universities and other related organizations. We expect 
that the joint research done with universities will focus on 
creative and innovative research from a long-term perspec- 
tive and will sow the seeds of new technologies. The 
cooperative research done with organizations other than 
universities will examine the needs of those organizations, 
and will focus on areas that help promote the nuclear fuel 


cycle policy of Japan. 


Specifically, in the area of government sponsored research, 
this will include research that demonstrates safety and 
promotes government policy. With universities, it will be 
based on joint and cooperative research agreements 
between JAERI and universities and will include the 
implementation of basic and academic research, participa- 
tion in the NUCEF research program, and researcher 
exchanges. The research cooperation plan with the PNC 
and private sector organizations will include information 
exchanges, joint research, and personnel exchanges. 
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Figure 1. Test and Operation Schedule (planned) 
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Figure 2. Outside Cupuuten Von Programs and Utilization ,-= at NUCEF 





(2) International Cooperation 


NUCEF, being one of the few research facilities in the 
world capable of doing extensive research on the nuclear 
fuel cycle backend, and mindful of preventing nuclear 
proliferation, will actively seek to promote information 
exchanges, joint research, and persounel exchanges with 
related research organizations overseas, and will try to 
make sure that research at NUCEF is effective and makes 
an international contribution. 


Specifically, this will include information exchanges and 
joint research with France’s CEA based on a research 
cooperation agreement, cooperation on the development 
of safeguard technology with the U.S. Los Alamos 
National Laboratory, the IAEA, and the CEC Ispra 
Research Institute, and participation in international 
projects such as the Omega Project. 


France, in particular, being one of the few countries in the 
world actively involved in research in this area, has been 
doing research on criticality safety for over 30 years at the 
CEA Bureau of Atomic Energy Safeguard Baldoc [pho- 
netic] Research Center, and has built a new 

research facility called “ATALANTE” at the CEA Fuel 
Cycle Bureau’s Marukuuru [phonetic] Research Center 
which does research on reprocessing and waste manage- 
ment, and is making plans to do research on group 
separation and quenching of long-lived nuclides (SPIN 


Project), reprocessing related research, and TRU separa- 
tion research. There are a lot of common areas between 
these research projects and the NUCEF program, so we are 
planning to actively pursue information exchanges and 
joint research with the CEA. 


(3) Personnel Development 


In order for the development of nuclear energy to proceed 
smoothly, it is essential that this be supported by a solid 
and reliable human base, and, more than anything else, 
that there be well-trained staff covering a wide range of 
specialized fields in the nuclear fuel cycle. 


NUCEF, being one of the few facilities capable of doing 
diverse research involving relatively large quantities of 
nuclear material and TRU nuclides, will definitely con- 
tribute to the development of researchers and engineers 
through its research program and operation of facilities. 


(4) System of Outside Cooperation (cf. Figure 2) 
1. Cooperation Programs 


JAERI has research cooperation programs for joint 
research, joint JAERI-university project research, govern- 
ment sponsored research, and various other programs for 
inviting researchers and engineers to JAERI. We at 
NUCEF pian to take advantage of these programs, and to 
design new programs as the need arises to promote coop- 
eration with outside organizations. 
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To foster this cooperation, we have formed a “NUCEF 
Research Committee” within JAERI made up mainly of 
outside scholars, and we plan to use this research com- 
mittee to study important items related to R&D and 
utilization of NUCEF, and come up with specific ways in 
which the facilities can be used. 

2. Researcher Programs at NUCEF 


NUCEF will be developing researchers and engineers with 
a view toward establishing a human support base for future 
research on the nuclear fuel cycle fields. In that context, it 
will seek to promote existing researcher exchange pro- 
grams, and to try to strengthen such programs and frame- 
works with a particular view toward younger researchers 
and engineers. 


3. Disclosure of Findings 


The research findings made at NUCEF will be disclosed to 
relevant academic societies and committees inside and 
outside Japan, and will also be disclosed at seminars and 
international symposiums that NUCEF will sponsor for the 
purpose of stimulating research in NUCEF and promoting 
international cooperation. The seminars are scheduled to be 
held once a year, whereas the symposiums will be held once 
every two years. NUCEF is planning to use the seminars and 
symposiums not only to introduce its research programs and 
to announce findings but also to discuss research and 
exchange information concerning technical problems 
related to the nuclear fuel cycle backend. 
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(3) Future Outlook 


As we have already stated, NUCEF is a large-scale exper- 
imental facility that is equipped with various facilities and 
equipment for conducting a wide range of experimental 
research on the nuclear fuel cycle backei.d. It is our wish 
that NUCEF become one of the leading places in the world 
for research on safety and basic research on advanced 
technologies for the nuclear fuel cycle backend. Needless to 
Say, it is important that the current experiments and 
operation plans discussed above be steadily implemented, 
but we must leave enough room to make changes in the 
design of experiments and in the procurement of new 
systems as research trends change. 


In the research on criticality safety, even though we are not 
slated to have facilities for conducting experiments 
involving the use of plutonium for a few years, those 
working in the field of group separation, reprocessing, and 
TRU chemistry are forecasting new research on plutonium 
recycling, so it looks like that will become part of Phase II 
of the NUCEF program. Those involved in research coop- 
eration with domestic and overseas organizations and 
utilization of NUCEF say that they would like to see the 
NUCEF facility gradually expand the scope of its research 
as it steps up safety management at the facility, and 
become the number one experimental research center in 
the world in both name and fact. 
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